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What we have learned in the air—we apply 
on the ground. See these snowmobile-type 
vehicles: they are a solution to an unique 
problem of transport over trackless terrain 
through snow, muskeg, sand or water, and 
were Canadair-developed and manufactured 
for the Canadian Armed Forces. 

And Canadair’s research and development 
division is ready to undertake other special 
jobs in many fields, such as: research, de- 


velopment problems, custom designs, 





electronics, digital and analogue electronic 
computing, structural and mechanical test- 
ing: in all a service designed to offer fresh 
impetus for progress. 

We invite you to get in touch with us: con- 


tact our Vice-President/Engineering. 





LIMITED, MONTREAL 


© Aircraft * Research and Development 
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WESTON precision in a metal film resistor... 
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The Weston VAMISTOR offers you many advantages 
over wire wound or conventional film resistors, in 
critical applications. It is a sealed, metal-film resistor 
that provides greater stability than all previous. 
types. Following are a few of its outstanding charac- 


teristics: 
@ Stable under temperature, moisture and 
load life 
@ Stable under vibration, acceleration 
® Non-inductive 
® Noise free 
@ Excellent HF performance 


in the following types: 


INITIAL TEMP. 

TOLERANCE COEFF. 
Model 9851 — 14 watt at 85C 1% or 5% + 500r = 25 ppm 
Model 9852 — 1% watt at 125C 1% or 5% + 50 or + 25 ppm 
Model 9853 — 1 watt at 70C 1% or 5% + 50 or + 25 ppm 
models available in resistance values from 1000 to 100,000 ohms 


For complete information on VAMISTORS, 
return the coupon today. 





DAYSTROM LIMITED, 
840 Caledonia Road, Toronto, Ontario. 


Rush me full particulars on WESTON precision metal film resistors 


NAME 


COMPANY 


ADDRESS 


As shown on table at right, VAMISTORS meet or . 
surpass MIL specifications. They are now onvzeli te] >) | -am 


Enlarged Cutaway view 


























‘anaes WESTON VAMISTOR PERFORMANCE DATA 
D WITH SPECIFICATIONS FOR OTHER PRECISION TYPE RESISTORS 


Wirewound 

MIL-R-93A 

Style 88-52 
Chor. A 


Vamistor 
Production units 


MIL-R-190744 
(ships) 
Style R1-94 


Characteristic 


Short Time Overload 


Average + .01% 
2.5 Times—10 min low 


.0C 

High sa ‘ae 5% mox. 
load Life Average + .15% 
1000 hr—ss C low + 10% 

High §=+ 20% 
low Temperature Average 00% 
65 C—24 hours low 00% 
High + 024% 


ry ek 

~91D-202, Method 106 Ow + .15% 
High + .36% 5% mox, 

ee 


- — Immersion Average — 04% 

to 85 C—5 cycle tow + .02 

‘ High - 5% mox. 
Averoge + 04% 

+ 02% 


-5% max. 


3.0% max. 


ee (no test) 


Temperature Cycle 
-55 to 85 C—S5 cycles - 


= Resistance 
ows 50 me 
gohms 10,000 
min. megohms min. 
Dielectric Strength 
v rms—1 minute 


Below measurable 
volve—oll somples 


Terminal Strength 


5% max. 


Effect of Solder 
5% max. 





MIL-R-105098 test times—S secon “ test ot 70 C ombient 
5098 test 2.5 @1—S seconds **MIL-R-105098 c 


***MIL-R-93A test not tycled. 25 C—24 hours 
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contributors to this issue: 


The man directly responsible for Can- 
ada’s own Janet, G. W. L. Davis, P.Eng., 
A.M.LE.E., tells all about the project 
in “Meteor trail bounce gives Janet long 
range with low power”. 





During the war he was a radar officer 
on destroyers and aircraft carriers, then 
joined Metropolitan Vickers in Manches 
ter, England, working on commercial 
marine radar and other projects. 

Canada, 1952, and Mr. Davies went 
to digital data processing at Ferranti 
Electric Limited, in Toronto. In 1954 he 
became project engineer in charge of 
the Janet development and in 1955 was 
appointed Chief Engineer of the newly 
formed Electronics Division. 





Charles D. Florida (New fast-switch- 
ing bistable element for digital com- 
puters) is from Great Britain where he 
qualified as an Associate Member of the 
Institute of Electrical Engineers. He was 
at the Telecommunications Research 
Establishment until the end of the war 
when he joined the Atomic Energy Re- 
search Establishment working on the 
development of nuclear instruments. He 
came to DRB in 1955 and is head of 
the Computer Group of the Electronics 
Laboratory. 









Mak 


Makow 





The three authors of “Filaments puls- 
ing cuts power needs” come from all 
over the globe. Dave Makow received 





Clifford Sanctuary who describes True 
Motion Marine Radar in his article, can 
















the Dipl-Ing degree in 1950 from the : 
ax! . ner certainly be regarded as « i 
Swiss Federal Institute of Technology 7 = gt a pas a 
in Zurich. He worked in Baden, Switz- wag ee 
ae ; es Sir Robert Watson- 
erland, on _ pulse-time multi-channel Watt's original 
communication systems then joined NRC onnnch ps f it 
in 1951. He has been working on mul- = — 
3 om +3 1938 to 1941 and 
tiloop feedback systems, variable fre- . 
, ’ been in the radar 
quency oscillators and special vhf trans- > Pee 
enc) and navigation sys- 
mitters. tem business ever 
S. Mak comes from China, graduated a8 ni 
2 : ; since. From 1941 
from the Yorkton Collegiate Institute 
ie ee ae a ln Sheil adi to 1946 he was com 
in Canada and is now in his fourth year missioned in the 





of engineering physics at the University 
of Saskatchewan 

After service with the Royal Canadian 
Corps of Signals in Europe Stanley 
Keays joined NRC in 1945, did standard 
frequency work, and moved to the radar 
development section in 1953. Recent 
work on vhf transmitters included the 
problem of minimizing battery consump 
tion. 


RAF, continuing his 
previous work on ground radar and 
blind bombing systems, and subsequent- 
ly held a variety of development engi- 
neering positions with the Decca Navi- 
gator and Radar companies in England. 
In December, 1954 he was transferred to 
Decca Radar (Canada) Ltd. as manager 
of their Radar Development Division. 
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The Eimac high power amplifier klystron is installed in Collins Canada type 240E-2 one kw and 240D-1 10 kw 
troposcatter transmitters. 


Collins Canada 


uses Eimac klystrons in the manufacture of one kw and | 
10 kw troposcatter transmitters for the world market. 












Canada with its rough, often impassable terrain, provided the need for a modern, reliable | 
long distance communication system. It is here that such a system—a tropospheric scatter 
communication network was first installed. 


Collins was a leading contributor to this network with one kw and 10 kw transmitters. 


Now Collins Canada manufactures all of its company’s one and 10 kw troposcatter transmitters, ° 
for the world market. 


Collins engineers have selected Eimac high power klystrons exclusively for the final amplifier 
stages of all their tropospheric scatter transmitters. } 


Ecmac Firet for klystrons for tropospheric communication. 


EITEL-McCULLOUGH INC. | 


SAN BRUNO CALIFORNIA 
The World's Largest Manufacturer of Transmitting Tubes 





Represented in Canada by 


@ THE AHEARN AND SOPER COMPANY LIMITED 
§707 


384 BANK ST., OTTAWA, ONTARIO 
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People in the Industry 





Two new managers appointed 


at Westinghouse 


Two new appointments have been 
made by the Canadian Westinghouse 
Company at Hamilton. G. P. Adam- 
son becomes engineering manager for 
the company’s Electronics Division 
and will now be responsible for all 


, divisional engineering and research fa- 


cilities. He was formerly manager of 
electronics defence contracts. 

Mr. Adamson is a graduate of the 
University of Toronto and undertook 
post graduate studies there and at 


a 
Mason 





Adamson 


McGill University, Montreal. Prior to 
joining Canadian Westinghouse, he 
served with the Canadian Army and 
for several years was engaged with the 
Directorate of Armament Develop- 
ment in design, development and pro- 
duction of electronic equipment. 

He succeeds S. S, Schneider who 
has been named manager of the newly 
formed switchgear products division 
at Westinghouse. 

V. V. Mason has been appointed 
manager of the Canadian Westing- 
house Atomic Energy Division at 
Hamilton following the resignation of 
John D. Houlding. 

Mr. Mason joined Westinghouse in 
1952 and has held various engineer- 
ing, manufacturing and administrative 
positions. He was formerly engineer- 
ing manager for the Atomic Energy 
Division. He is a graduate of the Uni- 
versity of Toronto 
Master's degree in engineering physics. 


Engineering move at 
Federal Wire 

Michael K. Schurter is now assistant 
chief engineer, Federal Wire and 
Cable Division of the H. K. Porter 
Company (Canada) Ltd. Mr. Schurter 
joined the plant engineering staff at 
Federal Wire and Cable in 1948 as 
assistant plant engineer after graduat- 
ing from the University of Toronto 


and holds a> 





with the degree BASc in electrical en- 
gineering. 

Mr. Schurter is an executive mem- 
ber of the Hamilton section of the 
AIEE and is present chairman of the 
Guelph subsection. 


Admiral Branch Manager 
in Montreal 

J. Albert Reed has been appointed 
branch manager of the Montreal sales 
branch of the Canadian Admiral Cor- 
poration Ltd. 

Mr. Reed joined Canadian Admiral 
in May 1952 as sales representative. 
He was appointed sales manager of 
the Montreal branch in April 1954. 
Previous to joining Admiral, he was 
sales manager for E. Roy Industries 
of L’Assomption, Quebec. 


Aviation Electric appoints 
Sales Manager 

C. Durham Garbutt has taken over 
the position of sales and service man- 
ager of Aviation Electric Ltd., in 
Montreal. The duties were formerly 
carried out by D. R. Taylor who has 
been appointed director, Engineering 
Products Division. 

Mr. Garbutt has more than 20 
years’ experience in the aviation in- 
dustry, ten of which were spent in the 
production, maintenance and inspec- 
tion branches of BOAC, during which 
time he became well acquainted with 
fleets of U. S. and British aircraft on 
both sides of the Atlantic. 

Mr. Garbutt joined Aviation Electric 
Ltd., in 1951 as a sales and service 
representative. 


Garbutt Langley 


Newcomer to staff of 
R. H. Nichols Ltd. 

W. H. Langley has recently joined 
R. H. Nichols Ltd., Toronto, Ont., as 
sales representative, specializing in 
supervisory control equipment. He 
was formerly with Amalgamated 
Electric Corporation Ltd., and the 
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Premier Leslie Frost, Ontario, hands 


Evangelos Logothetis, Toronto, his 
engineering technician's certificate. 
The scheme is promoted by APEO. 


Northern Electric Company Ltd. He 
attended the University of Manitoba. 

During the past 20 years Mr. Lang- 
ley has concentrated on the sale of 
electrical distribution equipment and 
power apparatus and during the war 
he served with the Royal Canadian 
Electrical and Mechanical Engineers. 


Writers’ Association 
plan meetings 

The Montreal Chapter of the TWE 
(Association of Technical Writers and 
Editors) will hold its first meeting of 
the fall series on August 19. 

The second meeting will be on Sep- 
tember 16 when Mr. Stello Jordan, 
Publications Supervisor at the Sperry 
Gyroscope Co., Long Island, N.Y., 
wil! speak, Meetings of TWE are held 
in the Officers’ Mess, No. 438 City of 
Montreal Squadron, RCAF, Chairman 
of the Association is H. S. James- 
Smith, c/o Canadair Ltd., Montreal, 
Que. 


Appointment news, in brief 

Ronald W. Price has been appoint- 
ed Ontario sales manager for 
Instronics Ltd. of Stittsville, Ontario. 
His office will be at 21 Benleigh 
Drive, Scarborough, Ont. He was for- 
merly Canadian sales manager of C. P. 
Clare & Company. 


Over 30 members of the London 
Section of the IRE went over the 
plant of Varian Associates at George- 
town, Ontario, recently. They were 
welcomed by Jim Court, general sales 
manager, and then saw how the com- 
pany manufactures klystron tubes. 


A meeting of the Ontario section of 
the Canadian Electronic Wholesalers’ 
Association has elected the following 
officers: chairman, Jack Keshen 
(Phono Vision Distributing Company 
Limited, Toronto); vice-chairman, W. 
F. Saynor (Wholesale Radio & Elec- 
tronics Limited, Toronto); secretary, 
H. E. Abrams (Fisher Radio Com- 
pany Limited, London). 












our preview of the 7 
|R.E. CANADIAN 
CONVENTION 


I pre TRONICS 
NGINEERING 


OF CANADA 


Mailed to our readers two weeks before Show time the October issue 


will be devoted to a Preview of the Show, showing the floor plan 


with numbers and location of booths, preview of exhibits at the Show, 


and products featured, program of papers, etc 


This Show will be even bigger than last year, the floor space has 
been expanded 25% and all indications are that it 


will be a most successful show. 


SCHEDULE YOUR SPACE IN THE PRE-SHOW ISSUE NOW. 


COPY CLOSING DATE IS SEPTEMBER 16. 


If you are a non-exhibitor this issue will still pay big dividends 
because of high reader interest in the IRE Convention. 


Electronics Engineering of Canada will be at the Show, at booth 
no. W-18. We will look forward to seeing you there. 


In the meanwhile reserve your space now in this October Preview 


Number. Copy can follow later before closing date of September 16th 
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Reports from the Industry 





More traffic as Telex link 
goes across Canada 


Communications keep up with the 
business boom. International Telex 
have just completed a coast-to-coast 
hook-up of their dial-teleprinter serv- 
ice and as well as communicating with 
each other Montreal, Toronto, Winni- 
peg and Vancouver subscribers can get 
straight through to European sub- 
scribers. 

Using the wire services of Canadian 
National and Canadian Pacific Tele- 
graphs a Telex subscriber can dial a 
connection in 20 seconds to a Cana- 
dian or overseas number. Teleprinter 
messages can be sent even if there is 
no one on the machine at the other 
end. 

By the end of this month the net- 
work will include Calgary, Edmon- 
ton, Regina, Hamilton and Windsor 
and among others Saint John, N.B., 
and St. John’s, Newfoundland should 
be on in the near future. 

Industrial and financial houses are 
making increased use of the Telex sys- 
tem and, in particular, the traffic to 
Europe is reported to be “growing 
steadily.” Telex units are installed on 
a service charge basis, with a further 
charge for the exact amount of time 
used in wire conversations. 


International look 
by the APEO 

Moves to expand the influence of 
the Association of Professional Engi- 
neers are being made in the interna- 
tional field. The Association feels that 
there should be more co-ordination 
with American bodies with an attempt 
being made to understand each others 
policies. 

First step was a meeting in Toronto 
of the first International Conference 
of Examination and _ Registration 
Organizations of the profession. Dele- 
gates from Michigan, Illinois, New 
York and Wisconsin met with Cana- 
dians from Ontario, Quebec and 
Manitoba. 


Bogen-Presto go into 
Western Canada 

A new sales division in Western 
Canada has been set up by David 
Bogen Inc., and Preston Recording 
Corporation of Paramus, N.J. Sales 
representative for the division, consist- 
ing of Manitoba, Saskatchewan, Alber- 
ta and British Columbia, are Chas. L. 
Thompson Ltd., North Vancouver, 
B.C. 





First ship to use 
Decca chain 

Latest ship of the Pacific Steamship 
fleet, the Empress of England, is the 





Capt. C. L. deH. Bell, master of the 
Empress of England, seen here talking 
to H. F. Schwarz, who is a co-inventor 
of the Decca Navigator system. 


first commercial user of the “Moose” 
West Decca chain, installed on the 
south coast of Newfoundland. 

Captain C. L. deH,. Bell, Master 
of the ship, said “The system worked 
marvelously. We compared radio sig- 
nals with visual fixes taken from land 
points. They were all perfectly ac- 
curate.” 

The Moose West chain is the first of 
four chains being set up in Eastern 
Canada by Computing Devices of 
Canada Ltd. and Decca Navigator 
(Canada) Ltd. The system gives con- 
tinuous position and track information 
to ships and aircraft without the need 
for taking conventional fixes. 

The Empress of England also made 
a sea trial of Dectra, a long range ver- 
sion of the system, which gives con- 
tinuous coverage across the Atlantic. 
It is intended primarily for aircraft 
and accuracies of 10 miles in mid- 
Atlantic are calculated. 


Transmitter tubes reach 
25,000 hours 

Two transmitter, final amplifier 
tubes, in the Syracuse WSYR-TV unit 
have reached 25,000 hours of opera- 
tion. The 40-pound tubes have been 
operating in a General Electric 
35,000-watt transmitter for more than 
18 hours daily during the past four 
years. Similar transmitters are made 
by Canadian Genera! Electric Com- 
pany Ltd., in Toronto and are in use 
in six Canadian TV stations. 

Operating costs of the tubes, over 
this period, now averages out at less 
than seven cents an hour. 
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Big Daystrom expansion 
in Canada 

By 1960 Daystrom Ltd., “plan to 
have a large-scale Canadian manufac- 
turing operation to supply the grow- 
ing Canadian market” says William 
Westphal, president of Daystrom 
International Division of Daystrom, 
Inc. 

Daystrom Ltd. has been established 
in Toronto, Ontario, to handle sales, 
service assembly and manufacture of 
Daystrom electronic products in Can- 
ada. Next step, says Mr. Westphal, 
will be the assembly of Daystrom 
equipment and this will start as quick- 
ly as possible. 

A sales and service centre has also 
been established in Toronto for cus- 
tomers of Daystrom’s Heathkits, Day- 
strom’s Weston electronic products 
will still be handled in part by North- 
ern Electric but Daystrom will sell to 
original equipment manufacturers and 
handle special orders. 


Pye Canada represent 
three U.S. companies 

Complete line of television studio 
equipment manufactured by Conrac 
Inc., of Glendora, California, will be 
sold exclusively in Canada by Pye 
Canada Limited. Conrac Inc., manu- 
facture monochrome and color stu- 
dio monitors as well as_ television 
turners. 

Pye Canada Ltd. are now also ex- 
clusive representatives for Nems- 
Clarke Inc., Silver Springs, Maryland, 
who manufacture television trans- 
mission equipment which includes 
video jack panels, television rebroad- 
cast receivers and field intensity meter 
and test sets. 

The third appointment of the Pye 
company is as exclusive representa- 
tives for Wickes Engineering and Con- 
struction Company of Camden, New 
Jersey, who develop, manufacture and 
sell color studio equipment to tele- 
vision stations. 


News from here and there 

Bell Telephone Company has start- 
ed preliminary work on the Toronto 
to Windsor Ontario microwave sys- 
tem. The link covers 225 miles and is 
scheduled to begin operating in 1959. 


A noise and field intensity seminar, 
dealing with techniques and instru- 
mentation in the frequency range 14 
ke and up, will be held in Ottawa on 
September 9. For reservations and 
details contact Instronics Ltd., P.O. 
Box 51, Stittsville, Ontario. 


Electro-Sonic Supply Company 
Ltd., Toronto, Ontario, will handle 
vitreous-enamel capacitors made by 
Vitramon Inc., of Bridgeport, Con- 
necticut. 





PRECISION MEASURING EQUIPMENT 


hy WAYNE KERR LABORATORIES 


ment. 





V.H.F. BRIDGE TYPE B.801, B.901 


Designed for use with external source and 
detector, these bridges are intended for the 
measurement of aerials, cables, feeders and 
a variety of components and materials be- 
tween | and 250 mc. They employ the trans- 
former ratio arm technique which results in 
extreme stability at all frequencies. Calibra- 
tion which is independent of frequency, is in 
terms of conductance and positive or nega- 
tive capacitance. 


The Wayne Kerr Laboratories and 
Associated Companies have spe- 
cialized in the development of 
new instruments to meet the con- 
stant demand for higher accuracy 
and greater facility of measure- 





INDUCTANCE METER 
TYPE M.149 


Designed to provide simple and 





R.F. BRIDGE TYPE B.601 


A multi ratio bridge for the measurement of 
resistance, capacitance and inductance over 
a wide range at frequencies between 15 kc. 
and 5 mc. The instrument, which employs 
the tapped transformer principle, will meas- 
ure complex impedances, balanced and un- 
balanced, or balanced with the centre point 
grounded, and any pair of terminals in a 
3-terminal network. 


_ direct reading measurement of 


resonate 


capacitor. 


the 





for 
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WAVEFORM ANALYZER TYPE A.321 


analyzer of the heterodyne type to 


frequency — 


comparison purposes. 


An audio frequency 
measure the relative levels of the components of a complex 
waveform to 75 db. below fundamental. It is light, compact 
and simple to operate and can be supplied either in a trans- 
portable case or for standard 19° rack mounting 


e 


A 





INSTRUMENT DIVISION 











CANADA LIMITED 






Head Office and Plant: 82 Northline Road, TORONTO 16 
170 Dorchester St. E.. MONTREAL 


6692 Main Street, VANCOUVER 3 Duke Street, HALIFAX 
PYE CANADA LIMITED 
82 Northline Road, 
Toronto 16, Ontario 
Please send further information and prices 
[) 8.801, 8.901 (18.221 (1 A.321 (> B.60i [1 M.149 7) B.521 
Company 
Address 
City Prov 
Name Position 


the 


~~ 

to 
j ductance with a fixed standard 
Provision is made 
measurement of small 
capacitances and Q resonance 


this 





inductance values between 0.05 
uH and 100 mH. A stable vari- 
able frequency oscillator is used 


unknown in- 


is useful for 





Ste 


UNIVERSAL BRIDGE TYPE B.221 


A self-contained audio frequency general purpose instru- 
ment which combines a high degree of precision with a 
range. The display mechanism renders mistakes 
ng virtually impossible by providing direct 

Tapped 
tra 


insformer ratio arms are used to measure either capaci- 


very wide 


in dial readin 


readings at all 


positions of the range multipliers 





tance, or inductance and conductance, 





ice and conduc 


combinations, with the usual facility for “in 





the Ite inal 
other 5-terminal 


measurements 





COMPONENT BRIDGE TYPE B.521 

urpose 40-60 c/s bridge of extremely wide range 
versatility. Designed on the transformer ratio 
instrument permits two, three and four 


A general p 
and unusual 
arm principle, the 
terminal measurement of resistance, capacitance, inductance 
or complex impredance. The three-terminal facility makes it 
possible to measure the impedance between two terminals 
the effect any impedance between these 
ird point. Two separate continuously vari- 
the resistive and reactive components. 
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A 130-mile Westinghouse “‘prov- 
ing ground” has been set up 
between Hamilton and Kinmount, 
Ontario. Here Westinghouse en- 
gineers obtain actual operating 
results to assist you in planning 
your communication system. 
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ANOTHER WESTINGHOUSE FIRST! 


SHE “Scatter” Transmission 





New Westinghouse 4400-5000 mec, 
Transmitting and Receiving Equipment 
is compactly and durably designed for 
truck mounting or fixed installation for 
either commercial or military application. 


@ Now for the first time in the communications field, scatter 
equipment for super-high frequency transmission for fixed or 
transportable operation has been introduced by Canadian 
Westinghouse. 

The new Westinghouse ‘“‘Scatter’” communications equipment 
is designed for high quality, high reliability transmission of voice, 
teletype, telemetering, facsimile, television and data signals over 
hops of 100 to 200 miles. Voice capacity for multi-channel opera- 
tion extends to 120-150 channels. 

Contact your local Westinghouse Sales Office for Descriptive 
Bulletin H83-100 or write Canadian Westinghouse Company 
Limited, Electronics Division, Hamilton, Canada. 


WATCH WESTINGHOUSE 
ELECTRONICS 
...WHERE BIG THINGS HAPPEN FIRST 


Enjoy Television's Top Dramatic Show, Westinghouse STUDIO ONE, every Monday at 10:00 o'clock 
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drop a line to— 
Chief Engineer, 
Automatic Electric 
(Canada) Limited, 

100 Strowger Blvd., 


Brockville, Ont. 









An engineering career? 





Your future is in your hands 


If you like to dream big, there could be a brilliant 
future for you at Automatic Electric. Here’s where 
the automatic dial telephone, long distance dialing, 
and many other firsts in communications and elec- 
trical controls were born. Here’s where many of 
the important advances in automation are coming 


from today. Big shoes to fill, and a big job ahead 


We've a real opportunity to offer, besides all the 


usual incentives. Here you can rub minds with the 


deans of communications engineering . catch 
fire with a young team that’s going places . . . work 


on challenging, man-sized projects that are vita 
to industry and our national defense. And, to give 
young ideas plenty of elbow room, we've built 


one of Canada’s most modern plants in Brockville, 


Ontario. We'd like to tell you more 
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New developments encourage old hopes 


ELECTRONICS ENGINEERING 


Radio engineers have devoted many years of research and development 
effort to the task of determining how best to communicate under any given 
conditions. One of the results of this work was the introduction of microwave 
techniques. Although it proved to be a major advance over existing systems, 
becoming the basis of nation-wide radio and television networks, microwave 
relay transmission has its disadvantages. Over rugged terrain and bodies 
of water, the erection of antenna towers at 30-mile line-of-sight intervals becomes 
difficult if not impossible. Where the territory concerned is sparsely populated, 
the advantage of having access to the signal information at such intervals 
disappears. 


These circumstances have led to the increasing use of very high frequencies 
for long ranges, involving either ionospheric or tropospheric scatter propagation 
with frequencies between 30 mc and 8,000 mc. Successful series of tests 
have been conducted over distances up to 1,200 miles. Scatter communication 
circuits are providing the means for extending existing facilities or establishing 
complete new communication systems. 


An example of the former type of application is the use of tropospheric 
scatter to link Goose Bay, Labrador, with the Bell Telephone System. 
Another application of vital interest is in the defence communication network 
associated with the mid-Canada early warning line. 


Recognizing the importance of such a basic area of development, 
Electronics Engineering of Canada is presenting in this issue a symposium of 
three articles. Each of them deals with a particular aspect of the latest work 
being done on this technological frontier. First is a description of the development 
by a Canadian industrial concern of equipment operating near the upper 
limit of the feasible range of frequencies. A paper on the use of single sideband 
modulation for a particular class of applications follows. The group is completed 
by an article describing the Janet system, a joint development by the Defence 
Research Board and another Canadian manufacturing company. 


It is very gratifying to be able to report in this way on the growing 
Canadian contribution to original development in the radio and electronic field. 
We hope that these healthy signs of growing maturity in our industry will be 
observed on an increasing scale. In particular, it is hoped that evidence of 
the type presented in these pages will encourage the sponsoring of much more 
such work, especially in those fields in which our national defence is 
vitally concerned and the end results may equally benefit our peace-time prosperity. 


THE EDITOR 


OF CANADA AUGUST 1957 il 


HAROLD PRICE, eEpiTor 


Canada 
first 
with 
SHF 


scatter 


A 5000 mc tropospheric scatter system, designed 
and built by the Electronics Division of Canadian 
Westinghouse Company Limited, Hamilton, has per- 
formed satisfactorily over a distance of 130 miles. 
With a power output of 2 kw and capacity for up 
to 120 voice channels, the equipment is suitable for 
any type multiplex; can be made mobile if desired 
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Antennas used for dual diversity reception at Kinmount, Ontario terminal of link used for evaluation tests; equipment 
is housed in trailer. Large photograph on opposite page shows transmitting antenna at Hamilton, 130 miles away. 


Just about 18 months ago, the Electronics Division of 
Canadian Westinghouse began a study of the feasibility 
of the company entering the over-the-horizon communica- 
tion business, Today they have a system operating satis- 
factorily with 2 kw power output at a frequency between 
4,400 and 5,000 mc, and are looking forward to receiving 
a considerable number of orders. 

[he principal economic factors considered in the study 
program were: 

(a) Manufacturers of available beyond-the-horizon equip- 
ment—using UHF tropospheric forward scatter propaga- 
tion—had several years’ lead time to their advantage. This 
meant that the new equipment should utilize new tech- 
niques and not follow the pattern of using the overcrowded 
spectrum from the 890-960 mc, In addition, because of the 
use of the SHF spectrum, 12-foot-sized antennas at 5,000 
me afforded great economic savings as opposed to former 
60-foot antennas at 900 mc. 

(b) The equipment should be such that it could be sold 
at a price competitive with comparable line-of-sight micro- 
wave communication systems, and if possible should have 
some distinct advantage over line-of-sight links. 

(c) Particular suitability to the Canadian market would be 
an added advantage. 

Many technical aspects were, of course, also taken into 
consideration. On completion of the study, six months 
later, it was decided that development work should begin 
immediately on a system to operate at a frequency well 
above those already being used for scatter propagation, but 
inside what was then considered to be the feasible upper 
limit of about 6,000 mc. The 4,400-5,000 mc band was 
chosen and prior approval for its use obtained from the 
Department of Transport. 

The choice of this super-high frequency was related 
to other advantages than simply working in a band not 
used by other companies. At 5,000 mc antennas of only 
12 ft. diameter give the narrow beamwidth of about 
| deg. required for efficient transmission, This means that 
the antennas for a terminal station, or a repeater in the 
case of longer links, can easily be mounted on a trailer 
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which contains the transmitting and receiving equipment, 
and stored inside the trailer during transportation if it is 
necessary to relocate the station. This feature should make 
the system particularly useful for military communica- 
tions, the narrow beamwidth also providing the privacy 
required for confidential messages. 

At 5,000 mc a range of 150 miles is considered quite 
feasible for a single link over a reasonable path profile 
(either land or water), with sufficient bandwith for 120 
voice channels. Another factor which facilitated the devel- 
opment of the transmitter was that Varian Associates 
had already made a suitably rated 6,000 mc radar klystron 
and were in a position to develop rapidly a low-noise ver- 
sion for this application. 

Design philosophy 

Since existing communication systems such as wire 
telephony have attained reliability figures of 99.9% and 
higher, it was essential to aim for similar reliability in the 
new system from the outset. Thus the system engineering 
and the equipment design both had to be of very high 
quality. Some form of diversity was necessary to give the 
desired reliability. The basic method chosen was that of 
dual space diversity—two antennas at each terminal, sep- 
arated at least 100 times the wavelength. With this separa- 
tion there is almost no correlation between the short-term 
fading of the two received signals. For even greater reli- 
ability, the use of small components, and a standby klystron 
enables quadruple diversity (dual space and polarization) to 
be provided at only slightly increased cost. 

For greater versatility, the modulator base bandwith 
and linearity are compatible with the output from any 
available type of frequency division multiplex. It is also 
stated that the system is suitable for the transmission of 
voice, teletype, facsimile, television and data type signals 

Particular attention has been paid in the design to 
simplifying adjustments and maintenance. For example, 
the microwave circuitry has been reduced to simple co- 
ordinated packages with a minimum of tubes; tip jack test 
points are provided on all minor circuits; and all impor- 
tant functions are indicated on panel instruments. 
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Transmitter/ receiver microwave block 





Circuit operation 

The block diagram for a dual space diversity terminal 
is shown on the opposite page and the related symbols 
used are listed below. 

A microwave block houses the microwave exciter 
tube (type V249/1K), and the reference mixer. A crystal 
controlled frequency multiplier unit, mounted on the block, 
drives a microwave triode to provide a reference frequency 
in the microwave range. The output signal from the 
reference mixer is fed to the 10.7 mc amplifier which 
forms a part of the afc loop. 

Following a limiter and a discriminator, a dc amplifier 
completes the afc loop. The over-all gain of this loop is 
about 25 db and the designers claim that it assures a short 


term transmitter stability which is fully comparable to that 
of a crystal driven transmitter. The long term stability 
mainly depends on the afc discriminator, the zero shift of 
which does not exceed 5 ke over a 0 to 50 deg. C temper- 
ature range. 

The main advantage of a high afc gain lies in reducing 
the noise in the service channel circuit and the lower 
channels of the multiplex, which are thus made less sensi- 
tive to microphony, supply voltage ripple and heater induc- 
ed hum. 

A double superheterodyne method of detection is used. 
The received signals pass through a band-pass filter to a 
balanced crystal mixer. The resultant 70 mc i-f output 
is pre-amplified and is then further changed in frequency 
by mixing with a crystal controlled oscillator, resulting in 
a second i-f of 10.7 mc. The 10.7 mc amplifier which 
follows is compensated for delay distortion within a 1.5 
me band. 

The 10.7 mc output is then limited by a five-stage lim- 
iter using biased crystals to provide a signal which is as 
fade-free as possible to the rest of the circuit. The signal is 
demodulated in a discriminator and the resultant base- 
band signal is then amplified. A portion of the output from 
the limiter is fed to a separate discriminator and then to a 
d-c amplifier which completes the afc loop to the micro- 
wave local oscillator tube. 

In both the exciter and the local oscillator units, the 
absence of a signal in the afc loop converts the d-c ampli- 
fier into a hunting sawtooth generator which sweeps the 
frequency of the microwave tube concerned until contact 
is re-established, the d-c amplifier then reverting to its 
normal function. After one minute an alarm is actuated 
if the hunting action has failed to re-establish contact. 

The amplified video signal is passed to an electronic 
combiner, the function of which is to provide a combined 
non-fading signal from the dual diversity receivers and 
supply it at the correct impedance level to the input of 
the multiplex. 
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Block schematic diagram of dual space diversity terminal 





All microwave functions, except the excitation of the 
power kylstron, are carried out within another microwave 
block, shown opposite, which incorporates a T-junction, 
transmitter band-pass filter, transmitter frequency test 
point, receiver band-pass filter, balanced mixer, local oscil- 
lator cavity, local oscillator frequency test point and out- 
put modulation test point. The 70 mc preamplifier is also 
mounted on the block. 

This transmitter/receiver microwave block uses the 
latest design techniques, It consists of six waveguide sec- 
1957 
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tions with common “E” walls, and is fully accessible within 
the cabinet. If necessary, it can be withdrawn on discon- 
nection of quick release fasteners and flanges. 

A two-layer, multiple wave guide structure, using 
similar principles, could be made and this would permit 
quadruple diversity on a space-plus-polarization diversity 
basis. For quadruple diversity, the two transmitters are 
operated simultaneously; if one transmitter fails, service is 
maintained with dual diversity operation. For full standby 
protection, three transmitters are needed. 











Two cabinets house all electronic equipment for dual div- 
ersity terminal: radio cabinet (left), power cabinet (right). 


Rear view of ra- 
dio cabinet shows 
power klystron al 
left, | microwave 
block at right. 
Panel instruments 
are for adjust- 
ment & servicing. 








Open door of power cabinet reveals full wave rectifier 
assembly; supervisory controls are mounted on door racks. 
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Equipment construction 

The two basic units of the equipment, which has been 
designated type HJ, are the radio cabinet and the power 
cabinet. Each of these are 66 in. long, 34 in. wide and 
74 in. high. Additional floor space corresponding to an in- 
crease in the width of 25 in, at the front and 30 in. at the 
back is required to accommodate the hinged doors. A 
third smaller unit houses coolant pumps and heat ex- 
changer. These three units form a complete main and 
standby installation and no additional floor or wall mounted 
equipment is required. 

The radio:cabinet, at the left in the illustration, has in 
its upper section two transmitter/ receiver microwave blocks 
and two power klystrons type WA-804B, one main and 
one standby. These kylstrons have been designed specific- 
ally for forward scatter communication service and have 
a gain of 50 db at an efficiency of approximately 30%. 
Varian Associates plan to manufacture these tubes at 
Georgetown, Ontario, when the Canadian market grows. 
Waveguide antenna connections are led through the top 
of the cabinet. 

The transmitter exciter units are located adjacent to 
each power kylstron. Cathode blowers for the klystrons, 
and power supplies for the transmitter exciters and the re- 
ceivers are located in the lower section of the cabinet. The 
minor power supply units withdraw on tracks for service. 
In addition to large panel instruments located at the top 
front of the cabinet, numerous smaller panel instruments 
are located on the various sub-units for monitoring and 
initial adjustment. 

The two top front doors contain swing-out 19 in. racks 
which are serviceable from front and rear when in the 
open position. The left hand rack contains, from top to 
bottom: receiver No. | main i-f amplifier and limiter/ dis- 
criminator panel; receiver No. 2 main i-f amplifier and 
limiter/ discriminator panel; standby i-f amplifier and lim- 
iter/discriminator panel, and receiver selector panel. The 
right hand rack contains, from top to bottom: fault alarm 
panel; main and standby service channel panel; and level 
control panel. Full length rear doors and half length front 
doors provide complete accessibility for tube changing and 
maintenance, 


Power cabinet 

The power cabinet is partitioned vertically into two 
identical sections, each housing a three-phase full-wave 
bridge high voltage supply, one of which is standby. Heavy 
components are mounted in the bottom. Rectifier tubes 
with their associated filament transformers are placed at 
a convenient level and are visible through windows in both 
the front and rear doors. Switchgear and supervisory con- 
trols are located in accessible positions to facilitate service. 

The two top front doors contain swing-out 19-in. racks 
in the same manner as the radio cabinet, and each rack 
contains the power switching controls and indicator lights 
for the associated rectifier. Electrical interlocks, grounding 
devices and metal barriers permit working on one rectifier 
unit with complete safety while the other unit is operative. 

[he power klystrons employ an ethylene-glycol liquid 
solution as a coolant, The coolant system, main and stand- 
by, heat exchanger, air filters, coolant reservoir and super- 
visory controls are housed in a self-contained floor mount- 
ing cabinet. Access doors and panels are provided for 
changing filters and other service. Normally the cabinet is 
located apart from the radio and power cabinets and duct- 
ed through the station walls for air intake and discharge. 
If required the hot air discharge may be used to heat the 
station building in winter; the heat exchanger cabinet is 
suitable for mounting a plenum chamber on top for this 
purpose. ; END 
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Left: auxiliary transmitting equipment. Above: dual diversity receiving 
station, front covers removed in both equipments 


SSB extends scatter applications 


Until recently, most of the communication sys- 
tems based on scatter propagation have employed 
frequency modulation or frequency shift keying. 
This article shows how single-sideband modula- 
tion can extend the field of application of scatter 
propagation, particularly in the case where only 
one voice channel is required. 


*Collins Radio Company. 
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I. H. GERKS, m.sc & R. P. DECKER B.s¢ 


In spite of the exciting prospects for extending the 
range of vhf and uhf communication links through the 
use of scatter propagation, the applications of this mode 
have been limited almost entirely to point-to-point links 
and high-power terminal equipment. The parameters of 
the system are chosen in such a manner that a rather large 
signal-to-noise ratio is normally obtained in the receiver. 
The resultant link is then generally of toll quality and the 
reliability may be in excess of 99.9% It is the purpose of 
this article to explore the situation where for one reason 
or another it is impractical to choose the parameters in 
such an arbitrary manner. It is common knowledge that 
speech signals have a high degree of redundancy and that 
acceptable communication can often be achieved under un- 
favorable circumstances. An example is the case of air- 
ground communications where the airplane approaches the 
range at which the signal-to-noise ratio becomes marginal. 
It is pertinent in such a case to investigate all factors which 
may contribute significantly to an extension of the range 
at which communication fails. 

The discussion is limited to the case where one voice 
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channel is required. This embraces a rather large propor- 
tion of the cases where one terminal is mobile. A lower 
limit is thus set to the bandwidth which must be passed 
by the receiver. Bandwidth compression schemes are not 
considered, partly because their complexity makes them 
of doubtful value in many instances, and partly because 
the loss of redundancy causes partial cancellation of the 
advantages of reduced bandwidth. 

A comparison of modulation methods in relation to the 
transmission loss and fading characteristics of scatter prop- 
agation shows that single-sideband modulation is a logical 
choice for this type of application. It can be shown that 
for single-channel voice service the ssb transmitter has an 
advantage over the fm transmitter corresponding to the 
ratio of ssb peak power to fm carrier power, which can 
be made as much as 10 db. However, several design prob- 
lems are introduced which are peculiar to this form of 
modulation or exist in aggravated form when ssb modu- 
lation is employed. Feasible solutions to these problems 
are discussed and a typical system design is described, 


Problems peculiar to ssb 

When a single-sideband system is used for forward 
scatter propagation, certain problems arise which are absent 
or of lesser importance with frequency modulation. The 
first of these is oscillator frequency stability. Since the r-f 
signal frequency is linearly translated to the audio-fre- 
quency range, any absolute frequency error existing in 
the carrier also is present in the modulating signal. Though 
this problem is common to all ssb operations, it becomes 
aggravated when the carrier frequency is chosen in the 
region of hundred or thousands of megacycles. 

A closely related problem which also assumes increas- 
ing importance as the frequency is raised is that of Doppler 
shift. Though there is no evidence to indicate that random 
frequency variations caused by the propagation medium 
can cause significant distortion of voice signals, there is 
still the case where one terminal is moving at high velocity. 
The Doppler shift is, of course, simply the radial velocity 
of the antenna expressed in wavelengths per second. In 
ordinary am or fm, the only effect of such a shift in fre- 
quency is a generally insignificant increase in the required 
receiver bandwidth. 

Another class of problems is a result of the elimination 
or reduction of the carrier. This includes automatic gain 
control, automatic frequency control, and diversity recep- 
tion. Each of these features assumes increased importance 
in the case of scatter propagation and vhf or uhf operation, 
especially when the receiver signal-to-noise is poor. 

These problems are discussed in more detail in the 
following sections. 


Stable frequency control 

When a single-sideband system is used with a carrier 
frequency in the uhf range, the frequency of the oscillator 
in the exciter and receiver must be exceptionally stable 
to avoid distortion of voice signals. A reasonable value of 
the over-all error in the receiver voice output signal is 
10 cps. At a carrier frequency of 1,000 mc, this represents 
an over-all tolerance of | part in 108, Relatively simple 
oscillators have been developed"!) which have a short-term 
stability of about | part in 167° for fixed-station use and 
perhaps | part in 10° for aircraft use. The long-term drift 
may be a few parts in 10° per day. Hence, for fixed-station 
use, frequency control equipment is already available which 
requires no afc at the receiver. Frequency synthesis and 
multiplying equipment is also available, so that any desired 
carrier frequency, in increments such as 100 kc, can be 
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Fig. 1. Distribution curves for fast fading and three dual 
diversity methods 


In fixed-station operation, minute frequency corrections 
will be necessary from time to time to correct for crystal 
oscillator drift. This can be accomplished by resetting the 
trimmer on the precision oscillator. The total range of cor- 
rection provided is in the order of 5 parts per million. 
When any relatively large frequency correction is made, 
the crystal aging rate may be temporarily changed. How- 
ever, the corrections required from time to time in fixed- 
station service will be very small and the effects upon 
oscillator characteristics are negligible. 

The situation is considerably different when one term- 
inal is carried in a fast airplane, Here the Doppler shift 
expressed as a fraction of the carrier frequency is equal 
to the ratio of the aircraft speed to the speed of light. 
This yields the conclusion that the Doppler shift in parts 
per billion is’ 1.49 times the aircraft speed in miles per 
hour, or it is about 1 part per million per Mach number. 
Hence, at Mach |, the oscillator frequency correction must 
be | part per million, or 1 ke at 1,000 mc. This correction 
can be made by causing a motor to rotate the oscillator 
trimmer under control of an afc error signal. A_ better 
method is one in which the oscillator is left unchanged in 
the interests of better stability, and a frequency correction 
is made by adding or subtracting the required correction 
with a motor-driven phase shifter. The speed of this motor 
is automatically adjusted until the afc error signal dis- 
appears. This method is also better adapted for making 
rapid corrections. 


Doppler shifts on fixed and mobile links 

On fixed links, a Doppler frequency shift may occur 
because of the multipath nature of scatter propagation. 
The resultant of such multipath transmission is random in 
both amplitude and phase. The effective scattering centre 
shifts from point to point, thus causing changes in path 
length. The magnitude of the phase change varies directly 
with the dimensions of the scattering region and inversely 
with the wavelength, whereas the frequency shift also 
varies directly with the turbulent velocities in this region. 
Observations have shown that frequency shifts occurring 
in the case of vhf ionospheric scattering are generally too 
small to affect the intelligibility of ssb signals adversely. 
A possible exception is the distance range where signals are 
received both by tropospheric scatter and by ionospheric 
scatter. Though direct observations of such Doppler shifts 
on uhf tropospheric paths are meager, it seems likely that 
no serious effects will occur up to frequencies of 1,000 mc. 
One source'?) indicates that maximum shifts on the order 
of 20 to 40 cps may occur, though it is probable that shifts 
of this magnitude are rare unless the received signal is 
contaminated with scattering from an airplane near the 
path. 
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Y 38.48 MC 3.623 MC 3.623 MC 250 KC (252-248 KC) 
RF FIRST IF 
AMPLIFIER MIXER AMPLIFIER MIXER AMPLIFIER 
34.857 MC 3.873 MC | 250 KC 
Fig. 2. Block 
diagram of a FREQUENCY 352 KC MIXER 
receiver suitable SYTHES|ZER 
for vhf point- 
to-point trans- 100-104 
mission of a voice | ¢ 7 
: signal by iono- 
spheric scatter CARRIER CHANNEL 
FILTER-AMP.& |___] FILTER AND 
AGC VOLTAGE |AGC RECTIFIER = DETECTOR 
K 
: 1 MC 
: AUDIO 
: AMPLIFIER 
When one terminal is located in a fast-moving aircraft, bandwidth of 4 ke and a pilot-tone level of —13 db this 


the situation is more amenable to analysis. As previously 
stated, the shift is approximately 1 part per million at a 
radial speed of Mach 1. Therefore, in the frequency range 
employed for ionospheric scattering, the shift is generally 
negligible except in the case of jet aircraft. On uhf links, 
the shift may be | ke or more. In such cases, corrective 
action is definitely required in ssb transmission, The sim- 
plest expedient is to provide a frequency control knob, 
or “clarifier,” which is manually adjusted as the radial 
speed varies. 

A more satisfactory solution is to provide afc in the re- 
ceiver. This is impractical in ssb transmission at reduced 
level to avoid additional transmitter loading. A level of 
13 to 20 db below that of a reference sidetone correspond- 
ing to maximum transmitter output is appropriate. The 
pilot tone may correspond in frequency to the carrier, in 
which case the Doppler shift in one direction must not 
exceed the lowest modulation frequency. In some cases 
the pilot tone must be spaced | ke or more from the nearest 
sideband frequency, so that it never becomes possible for 
the Doppler shifted tone to fall within the intelligence 
sideband. 

A possible method is to employ a broadband discrim- 
inator centred on the normal pilot tone frequency. Since 
this tone is transmitted at low level, the signal-to-noise 
ratio may be very poor. It may still be possible to derive 
useful output from such a broadband discriminator at the 
maxima of the fading signal. A second discriminator of 
much smaller bandwidth could be used in parallel with 
the first to take over frequency control after coarse correc- 
tion had been made by the first. This scheme is not very 
attractive. 

A more desirable arrangement is to use a narrow- 
band discriininator and to sweep the oscillator frequency 
with an arbitrary control voltage until the pilot tone falls 
within the limits of this narrow band. 

In order to insure good signal-to-noise ratio in the 
discriminator, one may make its bandwidth bear the same 
ratio to the signal channel width as the pilot-tone power 
bears to the maximum sidetone power, For a channel 
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rule gives a discriminator bandwidth of 200 cps; for a 
pilot-tone level of —20 db, it becomes 40 cps. 

When the pilot frequency is equal to the carrier fre- 
quency, the filtered and amplified signal may be fed 
directly to the detector as an enhanced carrier. When the 
pilot frequency is differently positioned, the discriminator 
output may control the locally generated carrier through 
a servo loop. The narrow-band filtering may be achieved 
with crystal or mechanical filters operating in the range 
from 50 ke to 500 kc, or with high-Q LC filters operating 
in the audio-frequency range. The former choice leads 
to simpler circuits. 


Automatic gain control systems 

When no carrier or pilot tone is transmitted, the agc 
voltage must be obtained by rectification of the sidebana 
signal and by employing a filter with a fast attack and 
a slow decay. This system is simple and fairly effective 
when diversity methods are not employed. It is, however, 
quite difficult to design a filtering system of this type which 
is effective with fast fading, simply because syllabic fre- 
quencies and fading frequencies may be in the same range. 
Consequently, syllabic age is not recommended for scatter 
propagation. 

This brings us back to the requirement for a pilot 
tone as discussed in the preceding section. The discussion 
given there applies equally here. A filter bandwidth on the 
order of 100 cps is appropriate. However, in this case, the 
system must be linear. The post-detection filtering must be 
designed with a sufficiently short time constant to allow 
effective response to fading frequencies up to about 10 cps. 
This filtering is made simpler if the final predetection fre- 
quency is relatively high, e.g., 100 kc. It is necessary also 
to consider the phase characteristics of the predetection 
filter. Since a high-gain negative feedback loop is involved, 
it is possible to get motorboating unless sound design is 
employed. It is for this reason that the bandwidth of the 
predetection filter must be considerably larger than neces- 
sary to pass the modulation imposed by fading. 

There is no need for high-grade age action unless some 
form of diversity is employed. However, proper functioning 
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: AUDIO OUT : 
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REFERENCE MOTOR DRIVEN M.0. FILTER & DISCR. : 

OSCILLATOR PHASE SHIFTER STABILIZER & AGC UNIT : 

: SPECTRUM 100,104 KC : 
: GENERATOR ETC. : 
Fig. 3. Block diagram of a receiver suitable for uhf ground-air transmission of one or more voice channels by ¢ 
tropospheric scatter : 


of a receiving diversity system is vitally dependent upon 
careful regulation of the receiver output level. 

It should be pointed out that agc with a pilot tone may 
be quite unsatisfactory when selective fading occurs. It is 
unlikely that selective fading will be a problem when a 
single voice channel is used unless ionospheric scatter sig- 
nals are contaminated with long-delay echos involving 
F-layer propagation. At certain ranges, at relatively low 
frequencies, and for very small percentages of time, multi- 
path distortion may also result from scattering from meteor 
trails. 


Diversity reception 

It is generally impractical to apply space diversity in 
reception on an airplane. The resultant loss is of minor 
consequence, since a high-power transmitter may be used 
on the ground. However, the airborne transmitter will 
generally have a relatively low power output, so that re- 
ceiving diversity on the ground is very important. Polar- 
ization diversity is ineffective on scatter paths, and fre- 
quency diversity introduces severe equipment and spectrum 
problems. This leaves space diversity as the only practical 
method. 

Diversity system have been extensively discussed in 
the literature‘?):‘4).‘5). There are three basic methods of 
combining the outputs of the several receivers. In the 
selector (also called switch diversity), each receiver nor- 
mally has its own age system, and a fast switch controlled 
by the age voltages serves to connect the load to the receiv- 
er having the larger output voltage. Since only one receiver 
is active at one time, the relative phase of the two signals 
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is of little consequence. In the linear adder, the several 
receivers normally have a common agc line, and the re- 
ceiver outputs are connected in parallel. In this method, 
the audio outputs of the several receivers must be in phase. 
Since the r-f signals may have a random phase relation, 
and since this random phase relation may be passed on 
to the output signals in a single-sideband system, some 
provision must be made for securing the necessary phase 
coherence at the receiver outputs. In the diversity combiner, 
or ratio squarer, the several receivers have independent age 
systems, their outputs are linearly added, and each receiver 
gain is adjusted in accordance with the signal-to-noise 
ratio in that receiver. 

Altman and Sichak‘®) give the following expressions 
for the over-all signal-to-noise ratio in terms of this ratio 
for the separate receivers (two assumed): 


for the selector, 





So Si Se 

N, = 7: My’ 
for the linear adder, 

So Si + S2 


No VN24 Ne? 
for the ratio squarer, 
Ss _ 'f/S:\? (S:\? 
myx) + Gi) 
Here S and N designate voltage. 
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In the linear adder, the several receivers have the 
same gains and, therefore, the same noise outputs. In the 
ratio squarer, the gain is so adjusted that the current (or 
voltage) furnished by each receiver to the load is propor- 
tional to (S/N)? for that receiver. In the case of dual divers- 
ity and equal S/N ratios in the two receivers, the second 
and third methods have a 3-db advantage over the first. 
At the opposite extreme of zero S/N for one receiver, the 
linear adder is 3 db inferior to the selector, and the ratio 
squarer is just equal to the selector. If uncorrelated 
Rayleigh-distributed fading of the two signals is assumed, 
it can be shown that the linear adder has a median im- 
provement over the selector of 0.9 db, and the ratio 
squarer has a median improvement of 1.5 db. The distribu- 
tion curves of S/N for one receiver and for the three dual 
diversity systems are shown in fig. 1. The significant con- 
clusion is that the second and third methods provide sub- 
stantial improvement over the selector method over the 
whole range of the distribution curve and not just under 
conditions corresponding to high reliability. 

In order to apply these improved diversity methods, 
it is necessary to correct for the random phases of the 
signals in the several receivers. If no pilot tone is trans- 
mitted, it becomes necessary to compare the phases of 
the receiver output signals in phase detectors and then 
use the phase detector outputs to control the phases of 
one or more local oscillators. This is fairly simple for pure 
tone signals, but it presents formidable difficulties in the 
case of complex waves such as speech signals. The reason 
is that good devices for obtaining the instantaneous prod- 
uct of two complex voltage waves are not yet available. 
This leads again to the need for transmitting a pilot tone. 
If in the afc scheme described in an earlier section, the 
discriminator is supplemented with a phase detector, then 
the phase of the receiver output can be controlled precisely 
by the phase of the pilot tone, It is only necessary to assume 
that the propagation medium and the receiver have linear 
phase curves over the required bandwidth. This is not a 
difficult requirement for the case of a single voice channel 
provided long-delay multipath propagation is avoided. 








: | | 
: Frequency, mc 38.5 | 38.5 | 1000 
Antenna Heights, ft | 120 and | 120 and | 100 and 
5000 140 100 
Antenna Gains, db 21 and 10 and 35 and 
2 10 35 
Distance, miles | 400 1070 500 
Calculated Median | 
Transmission Loss, db 175 169 174 
Transmitter Power, 
kw (PEP) 20 20 10 
Calculated Received 
Power, dbw —132 —126 —134 
Receiver Bandwidth, kc 3.5 3.5 | 3.5 
Effective Receiver Noise 
Figure, db 15 15 8 
Effective Receiver Noise 
Power, dbw —153.5 | —153.5 | —160.5 
S/N 50 % of Time 
Greater Than (db) 21.5 27.5 26.5 
S/N 90 % of Time 
Greater Than (db) 7.5 15.5 12.5 




















There is a great variety of combinations of system 
parameters which may be chosen. In order to illustrate the 
foregoing discussion, three sets of conditions are assumed 
and the receiver signal-to-noise ratio is calculated without 
diversity. The results are shown in the table. The greatest 
uncertainty in these calculations is the relation between 
the realized antenna gain and the near-field gain in the 
case of ionospheric scattering (column 2), The antenna 


ELECTRONICS ENGINEERING OF CANADA AUGUST 1957 


gains which are listed may be 10 or more db less than the 
plane-wave gains at the times when the fields are weakest. 
The values shown in this case are generally in keeping 
with results obtained on a link employing antennas having 
plane-wave free-space gains of slightly more than 20 db. 

This table illustrates the combinations of system 
parameters for which single-sideband modulation should 
prove definitely advantageous. 

Fig. 2 shows in block form the general arrangement of 
a receiver which has been employed under the conditions 
of column 2 of the table. In actual practice, this receiver 
is duplicated and provision is made for combination diver- 
sity. Under conditions of pure scatter, there has been almost 
no evidence of distortion caused by multipath propagation 
(selective fading). Also, experiments with stable local oscil- 
lator injection have demonstrated that afc is not required. 
Measurements have also been made under the conditions 
shown in column | of the table. Here the receiver was gen- 
erally of the same form, but no diversity was used and no 
pilot tone was employed. AGC was obtained by sideband 
rectification. With aircraft speeds around 150 miles per 
hour, there was little evidence of distortion due to Doppler 
shift. The signal-to-noise ratio beyond about 400 miles was 
too low to permit adequate testing for multipath distortion 
in the region where ionospheric propagation becomes sig- 
nificant. 

The block diagram of fig. 3 illustrates a tentative de- 
sign of a uhf nondiversity receiver for tropospheric scatter 
application. Since provision is made for afc, this receiver 
is also suitable for airborne use. The design is such that as 
many as five voice channels can be received. However, at 
extreme ranges this would be reduced to one channel. 
Conclusions 

It has been shown that ssb modulation is especially 
appropriate for extending the range of scatter propagation 
and for applications where the transmitter power and 
antenna gain are limited, as in aircraft. With the tech- 
niques described, it should be possible to obtain air-ground 
and ground-air ranges of 400 to 500 miles employing 
tropospheric scattering. lonospheric scattering seems to be 
limited at present to point-to-point links where high-power 
transmitters and high-gain antennas can be used at both 
ends of the link. Peculiar problems arise in the case of 
uhf air-ground links, for which practical solutions are 
suggested. 
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The discovery that vhf radio waves can be reflected 
by meteor trails was made in Canada. Under the 
project name “Janet,” equipment has been built 
for teletype transmission and has been operating 
over a path length of 600 miles with only 500 
watts power. 


*Ferranti Electric Ltd., Toronto 
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The antenna system for Janet. Operating frequency is 30-50 mc. 
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Meteor trail bounce gives Janet 
long range with low power 


When early scatter experiments were being made in 
the U. S. A. sporadic signals were received in Ottawa at 
the Radio Physics Laboratory where upper atmosphere 
research was in progress. These signals, Dr. P. A. Forsyth, 
of the Defense Research Board,. concluded, were due to 
ionized meteor trails occurring at the right point in space 
to cause reflection. 

After some months of observation an experimental 
circuit was set up between Ottawa and Port Arthur, a 
distance of some 650 miles, and enough evidence was 
gathered to make further work worthwhile. The project 
was called “Janet” after the Roman God “Janus” who 
looked both ways. 

The development of suitable equipment was handed 
over to Ferranti Electric Limited in Toronto. The system 
to be designed was to be capable of handling a duplex 60 
word per minute teletype channel. It was assumed, on 
the basis of numerous measurements taken by Dr. Forsyth 
and his colleagues, that over a 24 hour period communi- 
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cation by meteors would be possible for 5% of the time. 
To achieve, therefore, the average of 60 wpm a sending 
rate of 1,200 wpm would be necessary during transmis- 
sion. 

Initially equipment was built which included a number 
of standard units and was operated between Ottawa and 
Halifax. It was found that a very high r-f signal to noise 
ratio was required and it was decided to manufacture 
equipment for a more “sophisticated” proposal. 
Transmission depends on signal strength 

In operation the incoming teleprinter message is con- 
verted to punched paper tape by a reperforator and then 
stored to await transmission. When the signal strength is 
adequate the paper tape is read at 120 characters per 
second by a high-speed photoelectric reader and transmit- 
ted. At the same time the incoming message is detected 
and converted to a suitable form for writing on five of the 
six channels of a 2-in. magnetic tape. This tape is stored 
and read at 60 wpm to produce a teleprinter line signal. 

The carriers, in the experimental circuit approx. 40 mc 
with | me separation, are radiated continuously by both 
terminals, modulated by a 1,300 cps timing signal, and the 
occurrence of a suitable meteor causes the receivers at 
both stations to operate the carrier detectors. The de- 
tection of carrier opens a tone gate which allows a 650 cps 
signal to modulate the transmitters. The gate which allows 
information to be passed is only opened after a suffi- 
ciently strong 650 cps signal is received. In this way no 
information is transmitted until the least sensitive station 
is able to receive it. 

A weak r-f signal or the receiver store being full will 
cause transmission of information to stop. If the transmit- 
ter store becomes empty the system continues to operate 
but spaces only are radiated from the terminal which has 
no other message to send. 

The parallel transmission of data used in the early 
equipment was wasteful of bandwidth because of the 
guard bands which existed between each tone channel. The 
over-all r-f bandwidth required was 7 ke and in this band- 
width a signal to noise ratio of 20-22 db was necessary 
for even moderate error rates. To avoid this waste of 
valuable bandwidth the present equipment transmits infor- 
mation in serial form, five digits only being used for each 
character. The digital information is contained in a two- 
position: pulse position modulation (ppm) code in which a 
pulse in the first position corresponds to a space in the 
teleprinter code and a pulse. in the second position to a 
mark. 
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Fig. 1 Pulses of the “cosine squared” shape are used. 


The pulses themselves as illustrated (fig. 1) are of 
“cosine squared” shape and the over-all width is a little 
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greater than half a frame. The detector is of unusual de- 
sign and compares the amplitude of a narrow sample taken 
in the first half of a frame with the amplitude of a similar 
sample taken in second half of the same frame. The detector 
will indicate a mark or a space depending on whether first 
sample is larger or smaller than the second. This com- 
parison method of detection reduces the effect of low fre- 
quency noise and can be shown to give a 3 db advantage 
over the more usual detector which decides whether a 
pulse is present or not by comparing its amplitude with a 
reference level. Since only a single narrow sample is taken 
at each pulse position the width of the pulses can exceed 
the half width of a frame by a considerable margin, the 
criterion being that pulse amplitudes must be zero at the 
sampling point on the adjacent pulse. With the pulse 
shape used the frequency spectrum contains negligible 
energy at any frequency above 1,300 cps and the total r-f 
bandwidth can be limited to 2,600 cps. 


Coding in two steps 

The coding of information into ppm form is carried 
out in two steps. -The five character digits are read in 
parallel from the paper tape and transferred to a shift 
register in which the character information is stored. The 
coded information stored in the register is shifted out digit 
by digit and its pulse position determined by the encoder. 
The ppm signal is mixed with the 1,300 cps timing wave- 
form before being applied to the modulator. 


The method in which the pulses are formed is of in- 
terest. The aim was to achieve a pulse having a cosine 
squared shape and of a suitable width. The first method 
tried was the conventional one using a transmission line 
having lumped constants. This was found to have sharp 
discontinuities at the beginning and end of the pulse using 
a simple line and many sections would have been required 
to make a significant improvement. It was at this time 
that an examination of the characteristics of a beam de- 
flection tube indicated the possibility of using it as a pulse 
forming device. 

The tube consists essentially of an electron gun with 
two electrostatic deflection plates, a target with an aperture 
and a collector electrode. It was found that when the 
beam was swept across the aperture the collector current 
varied with a law very close to that required. Two of these 
tubes were, therefore, used to produce the ppm pulses, 
both being required since adjacent pulses overlapped and 
alternative pulses only could be provided by a single tube. 
This method of producing the modulating function is ex- 
tremely flexible since beam current and beam deflection 
can easily be varied. 

The modulating signal contains some 1,300 cps oscil- 
lation which is used for synchronizing. This 1,300 cps fre- 
quency is twice the frame rate and it is from this part of 
the modulating signal that the sampling pulses are derived. 
The over-all modulating signal is such that the positive and 
negative peaks of the message are approximately equal 
with respect to the average level making high percentage 
modulation practical with ac coupled circuits. It is desir- 
able that the low frequency response of the modulator 
should be good and if it is more than 3 db down at 30 cps 
some loss in detection efficiency may result. 

Since only five digits are being transmitted for each 
character some form of synchronization is required. There 
are two stages to this operation which can be treated sep- 
arately. The first stage is to establish the frame phase and 
the second to determine which group of five frames make 
up a character. 

At the start of each message when carrier is detected 
continuous marks are radiated which in view of the pulse 
shape and length constitute the 650 cps sine wave; also at 
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2 The high-speed pen recorder plots of avc voltage. 


Fig. 2 


a smaller amplitude the 1,300 cps timing wave is sent. The 
650 cps signal is filtered and detected and used to indicate 
that the remote terminal is ready to receive information. The 
1,300 cps signal is also filtered and after squaring is used 
to operate a series of binary counters. This signal is known 
as the receiver clock and establishes the timing for the 
ppm detector and synchronizing circuits. The counters used 
are first a single stage which produces a waveform at frame 
frequency and this is fed to a three stage counter con- 
nected to reset at the count of five. The output from this 
last device is, of course, at character rate. At the start of 
each transmission the various circuits operate as soon 
as the 1,300 cps tone is received but their phase is random. 
There are however a series of marks being radiated and 
these will continue for four letter periods after the detec- 
tion of the 650 cps signal. 


These marks will be detected and will follow the normal 
signal path into a shift register which has associated with 
it a detector which will determine if marks or spaces are 
present. If, then, spaces are detected the phase of the 
frame counter is changed and frame phase is established. 
Following the marks a synchronizing character is sent and 
a detector is connected to the register in a similar manner 
to the space detector. As soon as the particular character 
chosen for synchronization is in the register the detector 
operates and sets the phase of the five or character counter. 
The introduction to each message therefore occupies five 
character periods or approximately 40 milliseconds. As 
soon as the correct phase for the counters is established 
the detectors are disconnected from the register since this 
same register is used to convert the serial incoming infor- 
mation to a parallel form suitable for writing onto mag- 
netic tape. Should the synchronizing character not be de- 
tected further reception is inhibited and four X’s are printed 
to indicate that a section of the message has been missed. 

It is probable that the major problem in this form of 
communication is the determination of when starting and 
stopping should take place. The early experiments ampli- 
fied the a.v.c. voltage and used a part of this waveform to 
determine when to start communication and when to stop. 
The starting level was set above the stopping level and this 
differential was made adjustable. At this time it was felt 
that the decay of signal strength would follow an ex- 
ponential law and if the off level was suitably adjusted then 
sufficient time could be guaranteed to terminate the mes- 


sage. It w.ll be appreciaied that the sensitivity of each 
station will not be identical and, hence, the terminal with 
the lower sensitivity will always be in control. If the 
off levei is reached at one station then a minimum period 
equal to the propagation time for two path lengths must 
be allowed during which reception can take place. A late 
operation of the “off” control will result in errors at the 
tail end of the message due to the high noise level. 
Fading of overdense trails 

It has been accepted at present that, unless the stop can 
be initiated at a time equal to the propagation time for two 
path lengths before the signal strength falls below a work- 
able level, then errors will result. 

Fig. 2 shows a record of a.v.c. voltage made on a 
high speed pen recorder. It can be seen that at least two 
signal types exist and these can be broadly attributed to 
overdense or underdense trails. The underdense trail be- 
haves in a civilized manner having a rapid rise and an ex- 
ponential decay. The overdense trail on the other hand 
has higher signal strength but is subject to very rapid 
fades due to interference present in the ionized trail as it 
diffuses. In this case the signal is only handled without 
error if the conditions outlined above are met. 

The use of the a.v.c. voltage for the stop-start control 
was accomplished by comparing this voltage with a 
preset level. The preset control could therefore be set to 
initiate transmission for any given signal to noise value but 
having been set any variation in the noise would result in 
a change in the operating characteristics. A means of con- 


trol, therefore, which measured noise at all times and 
used this as a reference level was highly desirable. It is 


well known that the noise spectrum in a receiver after a 

linear detector is dependent on the carrier level. With low 

or no carrier present this spectrum extends from O to B 

cps where B is the total i-f bandwidth of the receiver. In 

the presence of a carrier of sufficient strength the spectrum 
B 


changes to one extending from O to-— cps. 
- 


It can also be postulated that with perfect a.v.c. control 


Fig. 3 Inside of the tape handling panel. Common drive 


centre; stop/start mechanisms above and below. 
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Fig. 4 Terminal equipment, excluding the r-f transmitter. 
Magnetic tape unit, right, has a 40 feet capacity store. 


the output remains constant and will consist of noise only 
or a combination of signal and noise. If therefore, the 
noise alone is measured, and this is possible by examining 
the audio frequency spectrum between B/2 and B cps 
where no signal frequencies exist, then the value obtained 
can be used to indicate when the signal level is at some 
preset value above noise. This method of indicating the 
presence of a suitable meteor trail is now in use and is 
giving satisfactory results. Tests indicate that this circuit 
detects a signal to noise ratio within 1 db of the preset 
value when the noise input varies by 30 db. 


Method of stopping communication 

Communication is stopped by the signal strength at the 
weaker station falling below the present level. This infor- 
mation must be conveyed to the other terminal and trans- 
mission stopped as quickly as possible. This is now accom- 
plished by incorporating two additional ppm detectors 
which look for marks and spaces respectively. These detect- 
ors operate continuously but require that a differential 
equal to at least one half of the designed voltage should be 
present before giving a decision. The combined outputs 
from these two detectors are counted during each letter 
period and if a total of less than two detections are made 
then transmission is stopped and the character in question 
is not printed. This circuit has resulted in a very rapid 
stop being possible. 

The magnetic tape unit contains the usual feed 
and takeup reels at the top and bottom and two inde- 
pendent capstan drives for the tape. The space in between 
is occupied by the store which has built into it indicators 
to show when it is either full or empty. The top capstan 
with its associated head is used for writing and the tape 
is erased by a permanent magnet before reaching the 
head. This magnet not only erases previous information 
but also saturates the tape in one polarity; writing is done 
with the opposite polarity and in this way a greater output 
is obtained. After writing, the tape is stored and the present 
store has a capacity of approximately 40 feet of tape. This 
represents 12,000 characters or a high speed transmission 
time of 1/2 minutes. 
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Fig. 3 shows the inside of the tape handling panel, the 
start/stop mechanisms being located above and below the 
common drive motor in the centre. These mechanisms con- 
sist of differential gears, driven continuously and having 
electro-magnetically operated brake shoes acting against 
drums on the two output shafts. One of the output shafts 
drives the capstan while the other only has the brake drum 
attached. The two brakes are operated from a flip-flop 
so that only one is on at any time. The capstan is either 
being driven or is braked and the design has aimed at 
keeping the mass of the moving parts to a minimum to en- 
sure very fast acceleration. Measurement on this equip- 
ment shows acceleration times of better than 3 millisec- 
onds from stop to full speed. 

Fig. 4 illustrates the terminal equipment excluding the 
r-f transmitter. In the left hand column are the receiver, 
the controller, the high speed tape reader and the stabilized 
ac power unit. The right hand column is taken up by the 
magnetic tape handling equipment which is visible and 
below this under a door are housed the dc power supplies. 
Four voltages are used for the digital equipment, +-135, 
+6742, —67¥%2 and —135 and a +-360 volt supply oper- 
ates the brakes and clutches in the tape handling equip- 
ment. 


Four-Yagi antennas 

In the cabinet the digital circuitry is mounted on hinged 
doors and the component sides of the circuit boards are 
available for servicing. A simple reference code enables 
any point to be located very quickly and any servicing is 
done with the aid of logical block rather than schematic 
diagrams. 

Transmitting and receiving antennas are identical each 
using four masts. One antenna consists of four five-element 
yagis located in two pairs. Each pair is fed in phase but in 
antiphase with the other pair. The pairs are separated by 
four wavelengths in a direction normal to propagation and 
the effect of this is to produce a split beam pattern with 
a minimum on the great circle bearing to the remote sta- 
tion and having maxima 7 degrees on each side. 

The antennas are 40 feet above the ground which 
makes the angle of the main lobe 11 degrees above hori- 
zontal. Successful operation has been achieved using only 
two yagis for transmission or reception, these two being 
fed in antiphase and spaced four wavelengths apart. This 
arrangement, of course, produces a similar pattern to that 
previously described except that the individual horizontal 
beam widths are increased. 

The equipment has been working over the Bolton to 
Port Arthur circuit using a radiated carrier power of 500 
watts, and operating when the r-f signal to noise ratio ex- 
ceeded 12 db. The path length is 600 miles in an East/ 
West direction and the carrier frequencies are close to 
40 mc. 

Under these conditions the average transmission rate 
has been approximately 40 wpm with an error rate which 
is now 0.1% in characters. 

These results compare quite favorably with a high fre- 
quency teletype circuit. The advantages of the Janet sys- 
tem, however, are that the transmitter frequency is fixed 
and does not require changing with varying ionospheric 
conditions, and further that ifterference from aurora 
borealis, sporadic E, magnetic storms and other sources 
is not believed to have any ill effect on meteor communi- 
cation, making the system free from the usual high fre- 
quency blackouts. 

Further development is continuing to improve the 
system and, possibly by multiplex operation to increase 
the number of channels. Great enthusiasm and faith is 
being shown by the team now operating with the equip- 
ment and they are convinced of its value as one of the 
communication methods of the future. END 
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Filament pulsing cuts power needs 


Considerable saving in battery consumption can be 
realized by pulsing the filament in applications 
where short tube life is acceptable and continuous 
signal transmission is not required. The general 
properties of filament pulsing are investigated and 
special attention is given to the influence of the 
on-period and the switching frequency on circuit 
operation. 


In many mobile applications where the power supply 
of a transmitter or receiver is provided by batteries, it is 
highly desirable to minimize the weight and size of the 
batteries. A considerable battery saving can be obtained 
by suitable pulsing of the plate of the tube in communica- 
tion systems which do not require continuous transmission 
of the signal. Pulsing of the filament offers a further 
possibility of reducing the battery drain, especially as the 
filament consumption quite often constitutes the major 
fraction of the power supply. This method seems neither 
to have been employed nor to have received much at- 
tention in this connection to the writers’ knowledge. 

The reason is probably due to the necessity of supplying 
additional active circuitry to perform the switching func- 
tion, which itself consumes power and therefore offsets 
the saving obtained by filament pulsing; also the life of 
tubes in such operation is reduced, With the advent of 


*National Research Council, Ottawa 
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transistors, the first objection can be met by employing 
a transistorized switching circuit. The second objection 
presents, in fact, a limitation of the application of filament 
pulsing to systems permitting reduced tube life. These 
applications, however, are being found in increasing num- 
bers in the fields of military electronics, navigation and 
rescue in recent years. Filament pulsing as a means of 
reducing the battery drain can actually be used to ad- 
vantage here. 

The object of this paper is to discuss the feasibility 
and the limitations of filament pulsing. In particular, at- 
tention is given to the influence of switching frequency 
and length of on-period on the output power. 


Experimental Circuit 


Periodic on and off switching of the filament of a 
vacuum tube as a means of reducing the filament power 
consumption was studied on a simple low power vhf 
transmitter. The experimental circuit consisting of a 
squegging oscillator, employing a directly heated submin- 
iature triode operating at 240 mc and generating 5 ps 
pulses at the pulse repetition frequency of 400 cps is shown 
in fig. 1. Pulsing of the filament can be accomplished with 
a transistor as shown in fig. | or a relay in series with the 
filament, either one controlled by the output voltage of a 
transistorized pulse generator, for example a multivibrator. 
[he transistorized pulse generator can be designed to con- 
sume a small fraction of the filament supply and would 
thus not appreciably impair the savings obtained by puls- 
ing the filament. The pulse generator shown in fig. 1 con- 
sumes 3 mw, which represents only 2% of the power 
consumption of the directly heated filament used in this 
experiment, and has an on-period of 0.3 seconds and an 
off period of 1.8 seconds. 
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switching frequency with plate voltage as a parameter. 


General Properties of Filament Pulsing 

When the filament is switched on, its temperature will 
rise and electrons will be emitted from the cathode. Oscil- 
lation will be initiated at a certain value of the cathode 
emission. As the full filament temperature is attained the 
cathode emission is maximum and the amplitude of oscil- 
lation has its greatest value. Owing to the thermal delay, 
there is a time lapse between the instant when the filament 
voltage is applied and the instant when the maximum 
amplitude of oscillation is obtained. This time delay can 
be defined by a phase angle a which is expressed in terms 
of the switching cycle and which is determined mainly by 
the properties of the emitter. Thus for example, a is con- 
siderably smaller in directly heated than in indirectly heated 
emitters. 

In fig. 2 the measured values of the phase angle a as 
a function of the switching frequency, using equal on and 
off periods, are shown for three values of the plate voltage 
Ep, using the experimental circuit of fig..1. An increase in 
a is Observed when the switching frequency is increased. 
[This increase is due to the fact that the thermal delay 
period is approximately constant with frequency, and 
therefore occupies an increasing fraction of the switching 
cycle as the switching frequency increases. It can be seen 
that there will be a minimum value for the on-period for 
this 


which full output power can still be obtained and 
value is determined by the phase angle a. In fig. 2 for 


example, at the switching frequency of 1 cps, the phase 
angle is approximately 75° which corresponds to 0.2 sec- 
onds delay. The minimum on-period at this switching fre- 
quency should therefore be at least 0.2 seconds. The phase 
angle a decreases as the plate voltage increases, for the 
same reference signal output, as indicated in fig. 2. This is 
the result of increased cathode emission with plate voltage, 
which reduces the time required to reach the reference 
signal output. 


Plate Current in the On-Period 

During the on-period of the filament the plate current 
displays a number of interesting characteristics. A large 
plate current overshoot is observed when the filament 
reaches a substantially high temperature. This overshoot 
occurs probably because oscillation did not build up yet 
and the grid is still at ground potential. A region of 
oscillation follows the plate current overshoot and occupies 
a fraction of the on-period which depends on the length 
of the on-period itself. In this region the plate current 
follows the envelope of the output signal (5 ys pulses at 
400 cps repetition frequency) and averages a fraction of a 
milliampere). A second plate current overshoot is ob- 
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rig. 3 
current 


Photograph of oscilloscope display of the plate 


with filament switched on and off periodically. 


served at the end of the on-period of the filament voltage, 
when the cathode emission drops and oscillation cannot 
be maintained. As a result, the negative grid bias disap- 
pears and the plate current assumes a large value for a 
very short length of time. 

A photograph of the oscilloscope display of the plate 
current is shown in fig. 3. The two plate current overshoots 
are encompassing the region of oscillation which is char- 
acterized by a shadowy strip. The amplitude of oscillation 
was actually many times larger than can be observed on 
the photograph, which was not sensitive enough to repro- 
duce the low fluorescence intensity spikes. 


On-Period and Switching Frequency 

In filament pulsing three characteristic modes of opera- 
the length of the 
frequency. A 
allows 


tion can be distinguished, depending on 
on-period and the value of the switching 
long on-period and very low switching frequency 
the filament to reach its full temperature and 
then to cool off completely. In this case the minimum on- 
period should at least equal the value of the phase angle a. 


operating 


As the on-period is reduced and the switching fre- 
quency increased, the on-period may be insufficient to 
allow the filament to reach its full operating temperature 
and the off-period may also be insufficient to permit the 
filament to coo! off entirely, especially when the cooling 
time constant of the filament is larger than the heating 
time constant. In the following on-period the filament 
will reach therefore a higher temperature than in the pre- 
ceding one and it may eventually creep up to the full 
operating temperature, after a number of switching cycles. 
As the on-period is further reduced, the full filament 
temperature may not be attained at all. This is probably 
the result of combined influences of the heating and cool- 
ing time constants and filament resistance which at lower 
temperatures exhibit different values and make the tem- 
perature creeping process impossible. 
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The Output Power ‘ 

Fig. 4 shows the relationship between the oscillator 
peak power output and switching frequency, with equal 
on and off periods (symmetrical switching). It can be 
seen that at the switching frequency of 2 cps which 
corresponds to an on-period of 0.25 second, maximum 
peak power output has still been obtained but with higher 
switching frequencies, the power output decreases as a 
result of the reduced temperature of the filament. At very 
low switching frequencies symmetrical switching leads to 
a saving in filament power consumption of up to 50%, 
provided the consumption of the transistorized pulse 
generator is small. 

A considerably larger reduction of filament power con- 
sumption can be obtained with asymmetrical switching 
where the on-period constitutes a small fraction of the 
switching cycle. In order to develop maximum power out- 
put the on-period should at least equal the phase angle a. 
Since in this case the off-period will be usually sufficient 
to permit the filament to cool off entirely, no creeping 
action, as explained in the foregoing, can be realized. 

The relationship between the output power and switch- 
ing frequency for three values of on-periods is shown in 
fig. 5. It is seen that for the filament on-period equal to 
0.3 second or more, maximum power output is realized 
and is not influenced by the value of the switching fre- 
quency, and therefore by the length of ‘the off-period. As 
the on-period is reduced the power output is reduced at 
low switching frequencies, but approaches the full value 
at high switching frequencies. The latter case is a result 
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of the reduced off-period, which permits the temperature 
creeping action to take place. 


Conclusion 

Filament pulsing is a feasible ‘method of reducing the 
filament drain in applications where short tube life is 
acceptab!e and continuous signal transmission is not re- 
quired. A considerable saving in battery consumption can 
be realized when the oni-period is considerably smaller than 
the off-period. Also, most types of batteries actually benefit 
from the on and off switching action, since a recuperation 
process can take place during the off-period. As a result 
the total capacity of the batteries may increase. Filament 
switching can also be used in addition to its main purpose, 
to code modulate the output signal, for example, as a 
means of idertification. 

The investigation described was limited to one type of 
directly heated triode and one circuit configuration. It is 
believed, however, that the results and conclusions which 
can be drawn from it can be applied qualitatively to a 
large number of other cases. For example, in the indirectly 
heated vacuum tube, owing to the greater thermal delay, 
the minimum usable on-period will be proportionately 
larger and the applied switching frequencies considerably 
lower. 
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New ideas in airborne electronics 


A new approach to airborne electronic equipment was 
described at the National Conference on Aeronautical 
Electronics in Dayton, Ohio. Taking part in a forum, 
entitled “Wanted—new ideas in airborne electronics”, 
Lieut. Gen. Thomas S. Power, commander, Air Research 
and Development Command of the USAF, said that the 
American Air Force, as the result of spectacular advances 
in the field of electronics, now talks in terms of electronic 
supporting systems, rather than individual pieces of equip- 
ment. 

General Power said that electronic supporting systems 
required an integrated network of numerous independent 
electronic systems which must be effectively co-ordinated 
for a specific purpose such as SAGE. 

Rear Admiral Rawson E. Bennett, chief, Office of Naval 
Research, said that every major weapon ‘and equipment 
used by the Navy needed an electronic “nervous system” 
to work at all. He expressed fear, however, at the rising 
cost of electronics, and warned that if costs did not come 
down it could result in the final straw to break the tax- 
payer’s back. His solution to the problem was to place 
more emphasis on miniaturization and automation, to give 
reliable equipment at less cost. 

He said: “We cannot go on forever gilding the lily, 
putting on the chrome, demanding the best and the latest 
regardless of cost when somewhat less will do the job 
adequately our Russian friends do pretty well at 
producing things which are good enough.” 

Also in the forum Professor John E. Arnold of MIT 
discussed “Creative engineering thinking,” Dr. B. D. 
Thomas, of the Battelle Memorial Institute, spoke on “The 
motivation of creative engineering ideas in the research 
institute environment” and finally, Mr. H. Leslie Hoffman 
whose subject was “The case for commercial research 
management and direction of creative technical effort.” 
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Diagrams show difference between relative motion (left) and true motion (right) radar displays 


On relative motion display own ship appears to remain 
stationary while land masses, buoys and other vessels 
appear to move relative to own ship’s course and speed. 
Plotting is necessary to determine other ships’ courses. 


On the true motion display the images of land masses 
and buoys remain stationary and all other images move 
with the correct course and speed, including own ship. 
Note absence of tails from images of stationary targets. 


New radar presents a true picture 


C. SANCTUARY* 


Normal marine radar displays have the image of 
one’s own ship at their centre and the images of 
all other targets move with a velocity modified 
vectorially by own ship’s speed and course. The 
new system described here provides a display in 
which all moving targets have the correct relative 
velocities and the images of stationary targets 
remain stationary. 


One of the major problems encountered in the use of 
marine radar is the accurate interpretation of the picture 
presented on the display indicator. Two methods of display 
are in common use. One of these is the relative display on 
which the heading line, which indicates the direction in 
which the ship is traveling, is normally at 0 deg. on the 
bearing scale; the other is the azimuth stabilized display, 
on which 0 deg. on the bearing scale is always north. In 
both these methods of presentation, one’s own vessel al- 
ways remains at a fixed point on the display and all other 
stationary targets, such as land masses or buoys, have 
an apparent movement equal in velocity and opposite in 
direction to the ship’s course and speed. 

In the case of moving objects, such as another ship, 
this velocity and direction are combined with the velocity 


*Decca Radar (Canada) Ltd., Toronto 
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and direction of the other vessel, hence the apparent move- 
ment of another ship with relation to one’s own vessel as 
seen on a conventional marine radar display is not the true 
course and speed of the other vessel, but a course and 
speed modified by the movement of one’s own ship. The 
only accurate method of obtaining another vessel’s course 
and speed is by plotting its movement on the face of the 
indicator for a fixed period of time, and back plotting one’s 
own movement over the same time interval. As can be 
seen, this method of finding another vessel’s course and 
speed, and incidentally whether it is on a collision course 
or not, is slow. Also, it is impossible to tell at a glance at 
the display which targets are moving and which are sta- 
tionary. 


Geographically stationary picture 

A British invention has recently been introduced into 
the marine radar field, known as the True Motion Radar. 
On this type of radar, produced by Decca Radar Ltd., 
the display presents a geographically stationary picture. 
Thus, any radar targets which are stationary geographic- 
ally, such as land masses or buoys, remain so on the radar 
picture, and all moving targets, including one’s own vessel, 
move across the display screen. As one’s own vessel is now 
moving with relation to the radar picture, all other vessels 
are shown to be traveling at their correct course and speed, 
and so at a glance the true course and speed of all moving 
targets can be ascertained without plotting, and stationary 
targets which present discrete echoes, such as buoys, can 
be easily distinguished from any moving target. 

A comparison between the displays seen on the screens 
of marine radar sets with relative motion and true motion 
is shown in the diagrams above. 
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In order to obtain a geographically stationary picture, 
the speed and direction of movement of one’s own ship 
must be applied as shift potentials to either the shift or 
deflection coils of the radar display. The amplitude of 
movement is dependent on the ship’s speed and the range 
scale in use on the radar; the direction is dependent on 
the ship’s course. In a modern vessel, both course and 
speed are available electrically: from a repeater from the 
gyro compass for course, and either 5, 10 or 20 yard im- 
pulses from an electric log for speed. The first necessity 
for a geographically stationary picture is that the synchro 
data from the radar antenna be stabilized in azimuth. This 
is carried out in the conventional method utilized by 
the majority of marine radars, and radar synchro data 
being fed through a differential transformer which also 
accepts the output from the ship’s gyro compass. This pro- 
vides a constant “North upwards” picture. The next neces- 
sity for the geographically stationary picture is ihat the 
course and speed of one’s own vessel have to be converted 
to shift potentials in a North-South and East-West direction 
to apply to the shift or deflection coils of the display. 

Although many vessels are fitted with gyro stabilized 
compasses, the use of an electric log is not so common. 
Therefore, it is an advantage to be able to produce the 
ship’s speed artificially. This can be done with any conven- 
tional circuit capable of producing electrical impulses, 
similar to log impulses, at an adjustable speed with a maxi- 
mum in the region of say 5 pulses per second to cater 
for a 5 yard impulse system at 45 knots. Referring to the 
block schematic diagram, fig. 1, the impulses representing 
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speed, whether produced direct from a log or artificially, 


are arranged to drive a motor to control the speed of shift. 
Motor control system 


[his is carried out through a motor control system, 
which not only must take into account the speed at which 
the ship is traveling, but must also be governed by the 
range scale in use on the radar display. The control system 
could operate as follows: each log impulse could be made 
to Operate a square wave generator, which in turn could 
control a current sensitive relay, this relay therefore being 
held in an operative condition for the duration of the 
square wave. The duration of the square wave could be 
controlled by an RC network, which could be varied in 
steps corresponding to the ratio of the various radar range 
scales in use. The poles of the current sensitive relay 
could then be used to control an electric motor. The 
motor, therefore, could rotate only when an impulse was 
applied to the square wave generator, and would continue 
to run for the square wave duration. In this way the 
speed of the vessel could be converted into torque pro- 
duced in steps, the length of each step being governed by 
the range on which the radar is operating. 

The output from this motor operates the two potentiom- 
eters which provide the shift potentials to the two display 
deflection or shift coils, in such a manner that the correct 
amount of shift potential of the correct polarity is applied to 
each coil. The amount and polarity of each of these shift 
potentials is determined by the direction in which the ves- 
sel is traveling with respect to North. The mechanical out- 
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Picture showing ship moving past 
the shore in relation to movement 
of other vessels can be seen on — 





‘4 


Photograph, taken of a ship’s plan position indicator, 
shows the presentation of moving and stationary targets 


— this radar display which has a 
Track Master unit mounted above it 


Small additional unit obtains geographically stationary 


picture by applying speed and course as shift potentials 
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put of the motor is therefore fed into two gearboxes of the 
ball resolver type, one being the sine gearbox and the other 
the cosine box. In these two gearboxes the motor drives the 
main disks and the pick-off positions of the balls on the 
disks are controlled by a repeater motor driven from the 
gyro compass. One ball movement operates in the North- 
South direction and the second one in the East-West direc- 
tion. The output from these two gearboxes, therefore, is 
the speed motor output suitably divided into steps in the 
North-South and East-West directions. These two outputs 
are applied through suitable reduction gearboxes to the 
shafts of the potentiometers controlling the shift potentials 
in the radar display. 


Additional features 


As a vessel may move for many hundreds of miles in 
the same direction, and the shift potentiometers have only 
a finite length of travel, it is essential that the potentio- 
meters are capable of continuous rotation, so that as the 
ship reaches the edge of the radar screen, it will automatic- 
ally reset itself on the opposite edge. It is also essential 
that means are provided to decouple the potentiometers 
from their two drives for manual resetting of the picture. 
This enables the ship’s position to be initially set to any 
desired position on the radar screen, and also provides for 
resetting while the vessel is proceeding on course to enable 
an adequate radar coverage ahead of the vessel to be 
maintained. 

Range rings, or a variable range marker, can be gener- 
ated on the radar display by conventional means, and will 
appear at the correct ranges from the electrical centre of 
the display, which is, of course, the ship’s position. The 
reading of bearings in the normal manner of having a 
bearing scale round the edge of the screen, however, be- 
comes more difficult, as the position of the vessel is now no 
longer in the mechanical centre of the radar display. There 
are two methods by which this may be overcome. The first 
is to provide a mechanical bearing cursor with a series of 
parallel lines. In this case, any one of these lines is laid 
parallel to the bearing which is desired to be read, and 
the reading is taken from the central line which overlaps 
the bearing scale. The second, and more elegant method is 
to provide an electronic bearing cursor. 


Electronic bearing cursor 


In the case of a fixed deflection coil display unit, this 
can be done by suppressing a small percentage of the radar 
data traces and, using the time left by this suppression, 
generating an electronic bearing cursor in any direction 
controlled by a bearing control. Alternatively, if the pulse 
recurrence frequency used permits, an electronic bearing 
cursor can be generated at the end of each radar trace. 
These systems, using a fixed deflection coil display, are 
advantageous as it means that the bearing cursor is always 
visible and can be adjusted by use of the bearing control to 
read bearing on the afterglow left by radar echoes. With 
a rotating deflection coil system, it is more difficult to pro- 
vide an electronic bearing cursor, but probably the easiest 
method is to generate one in a similar manner to the gener- 
ation of the ship’s heading marker but to have it adjustable 
under the control of the operator to any bearing desired. 
In this manner the electronic bearing cursor is only shown 
each time the trace sweeps through the bearing on which 
it is set, but the persistence of the cathode ray tube ensures 
that it is visible at all times. 

As can be seen, the. production of a geographically 
siabilized or true motion radar is not complicated, either 
electronically or operationally, but it presents to the users 
a radar picture from which ambiguity has been removed, 
and from which a ship’s master can assess the situation at 
a glance. EN 


31 

















. 






Commercial output-transformerless amplifier by Philips 
Industries Ltd. This is a two-channel amplifier with 
the audio spectrum split at 450 cps immediately after 
the pre-amplifier. Loudspeaker impedance is 800 ohms 
on each channel, total amplifier output rated 12 watts 





Audio forum 





Direct loudspeaker matching 


Negligible distortion claimed for output-transformerless amplifier 


The output transformer in an audio amplifier pre- KENNETH W. LINES, MANAGING EDITOR 
sents a major problem to the design engineer and 
circuits have been developed to operate without it. 
This paper discusses the problems involved and 


reviews the latest work being done on the subject 


Many harsh comments have been made about the out- But this still leaves output transformer distortion caused 
put transformer and designers of top quality audio equip- by phase shifts at both ends of the audio frequency band. 
ment have often wished they could get rid of it. In fact Other imperfections in output transformer design result 
to a large extent the quality of audio equipment is limited in insufficient coupling between the two halves of the 
by the output transformer. Most of the other distortions primary in the plate circuit of the push-pull tubes. Re- 
in an amplifier can be combatted with negative feedback actance from this lack of complete coupling at the higher 
and push-pull operation. Feedback reduces non-linearity frequencies introduces distortion particularly in class B 
while push-pull operation eliminates harmonics and com- operation. 
bination frequencies produced by even-order distortion. An output transformer of adequate performance can 
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be designed—but at a considerable cost; in fact such an 
output transformer would be the most expensive single 
component in the whole unit, probably costing as much 
as 40% of the total amplifier. One suggested design * for 
class B operation has a bifilarly wound primary on the 
transformer with combined excitation of the primary halves 
from cathode and plate feed. This has the effect of over- 
coming the capacitance between windings. Such a trans- 
former with this circuit gives a high coupling coefficient 
and no distortion at high frequencies. 

Theoretically the transformer, as it is an impedance- 
matching device transferring power from the high imped- 
ance amplifier output to a low impedance load, can be 
eliminated in three possible ways: increasing the load im- 
pedance to that of the source, decreasing the source im- 
pedance to that of the load or making the two impedances 
meet at some intermediate point. 


High impedance voice coil 

The output impedance of a pair of tubes in push-pull 
is in the order of a few thousands ohms, but from the 
practical point of view it is quite impossible to wind a 
speaker voice coil to reach anything near this value of 
impedance. The limit of increase of voice coil impedance 
of a speaker is determined by the smallest gauge of copper 
wire that can be handled in winding and the maximum 
allowable mass for the voice coil. In one experiment on 
high impedance speakers a standard five-inch speaker 
which used No. 33 wire for 3.2 ohm voice coil, was re- 
wound for 500 ohms with No. 44 wire. There are speakers 
on the market with 800 ohm voice coils but this is about 
the limit of impedance that can be achieved. 

Attempts have been made to solve the problem by using 
the second solution. This means reducing the source im- 
pedance down to at least 16 ohins for a normally wound 
speaker. One circuit developed along these lines employs 
a large number of triodes in parallel connected as cathode 
followers in order to achieve the low impedance necessary 
for direct matching. Experiments are also being made with 
the “plasmatron,” a low pressure gas filled output tube 
operating at a very low anode voltage with high current, 
thus giving a low internal impedance. This, however, is not 
very practical. Elimination of the transformer in normal 
circuits usually involves either capacitive coupling or dc in 
the voice coil of the speaker. In the first instance the 
capacitors have to be of a very high value and even then 
suffer from the defects caused by phase shifts and even 
hysteresis. Direct current in the voice coil of the speaker 
tends to produce nonlinearity from the point of view of the 
suspension and non-uniformity of the magnetic field, thus 
giving all round distortion. 
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signal Fig. 1 Basic cir- 
cuit by Fletcher 
& Cooke with 
loudspeaker in 
the cathode of a 
cathode follower 
push-pull stage 





One way of getting over the problem is to have a cir- 
cuit in which direct current in the voice coil is avoided. The 
simplest way of doing this is to put the loud-speaker direct- 
ly in the cathode of a simple cathode follower push-pull 
stage (Fig. 1). Such a circuit has been described by Fletch- 
er and Cooke* but the problem here was that in order to 
obtain 12 watts of peak power in a speaker with a 16 ohm 
voice coil they had to use sixteen 6AS7G tubes. 
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Fig. 2 Peterson & Sinclair circuit, single-ended push-pull. 





Peterson and Sinclair* described one of the early ampli- 
fier circuits for push-pull operation of two output tubes 
providing a direct output to a grounded load. The circuit, 
shown in Fig. 2, consists of a phase splitter and a single- 
ended push-pull output stage. The phase splitter receives its 
plate supply voltage from the mid-point of the two series 
connected output stages. In the plate and cathode of the 
phase splitter or driver stage are two resistors of equal 
value. A signal on the grid of the driver stage results in 
equal voltage changes across these resistors, these voltages 
being oppositely phased. In the circuit bias is obtained for 
the output stages by the voltage drop in the cathode resistor 
of the lower output tube, which supplies a voltage equal to 
twice the bias required for a single tube. Using two halves 
of a 6AS7G gives an optimum load impedance of 280 


ohms. 
i + 





Fig. 3 Another 
version of fig. 2. 
Output imped- 
ance of this cir- 
cuit is less than 
1,000 ohms. The ~ 
load carries no dc 


~ 
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In a single ended push-pull stage as shown in Fig. 3 
the tubes operate in series with respect to the dc supply 
but in parallel from the point of view of the load. It must 
be, therefore, that the optimum load impedance is much 
lower and it is reduced in theory, by a factor of four when 
the same tubes are used under identical conditions so far 
as supply voltages are concerned. Output impedances of 
less than 1,000 ohms can be achieved by this method and 
as the output transformer carries no dc it could be omitted 
altogether if speakers of sufficiently high impedance were 
used, 

Single-ended push-pull 

Working along these lines a commercial amplifier was 
developed by Philips Industries Ltd.‘ Phase inversion is 
achieved in the output stage itself. In Fig. 4 it can be 
seen that the lower tube is driven from the pre-amplifier 
tube and the upper tube is driven by the lower tube, utiliz- 
ing the voltage drop across R. In this circuit as far as de 
is concerned the high impedance loud-speaker is connected 
in series with the screen of the upper tube. With respect to 
ac both tubes operate in parallel and a lower output im- 
pedance can be maintained. At the same time the use of 
phase inversion in the output stage itself enables a tube to 
be saved and full gain obtained from the pre-amplifier 
Stage. 
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Fig. 4 Develop- 
ment of the 
single-ended 
push-pull circuit. 
Phase inversion in 
the output stage 
eliminates separ- 
ate phase splitter 
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A refinement of this circuit, as shown in Fig. 5, has 
the speaker connected in series with the screen of the 
lower tube. At the same time the circuit arrangement now 
ensures that the speaker carries no dc and is in fact at 
ground potential. In such a circuit the tubes need to have 
a high plate current at low B plus, low screen grid current, 
and high permissible cathode-heater voitage. Several types 
of television horizontal output tubes could meet these re- 
quirements but the tubes actually used are 6CW5S, a heater 
type power pentode. With 300 volts from the supply, 
cathode resistors of 120 ohms and screen dropping resistors 
of 5,600 ohms, the total dc for the output stage is 69 ma, 
the output being 5.6 watts. 








Fig. 5 Commer- 
cial circuit used 
by Philips Indus- 
tries Ltd. in con- 
junction with 
specially wound 
loudspeakers of 
800 ohm 
coil impedance 


2=8000 


voice 
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This circuit is used by Philips in conjunction with a 
two-channel amplifier in which an RC crossover network 
splits the audio spectrum into two parts immediately after 
a pre-amplifying stage at a nominal crossover frequency 
of 450 cps. From that point on there are two channels 
and the matching impedance at the end of each is 800 
ohms. In commercial amplifiers various combinations of 
loudspeakers can be used including two 400 ohm speakers 
in series to match up with the channel output. 


Futterman amplifier 

One of the most recent contributions to the output- 
transformerless amplifier discussion has been by Julius 
Futterman.” Basic Gesign of his amplifier, for which he has 
taken out patents, is shown in Fig. 6. Voltages developed 
across the plate load resistor of V2 which is the phase 
splitter, are fed on to the grid of the output tube V3. 
Signal voltage 180 degrees out of phase coming from the 
cathode load resistor of V2 goes on to the grid of the 
output tube V4. The two output tubes V3 and V4 are 
connected in series and biased for class BI operation. 
Each of the output tubes has its own power supply con- 
sisting of a metallic rectifier X and capacitor C. Due to,the 
balanced nature of the output circuit no de flows through 
the load. The output load is connected to the input circuits 
of all the tubes used in the amplifier and thus obtains both 
positive and negative feedback. Most of the gain of the 
amplifier is in the first stage which uses a 6BA8 tube which 
with a plate load of 1.8 megohms can give a voltage gain 
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Fig. 6 Basic schematic of Futterman’s latest OTL amplifier 


of 1,200. The rectifiers give the necessary low-impedance 
source of power supply and are extremely simple because 
of the large amount of negative feedback available. In the 
finalized circuit ten type 12B4A tubes are used in the out- 
put stage. 

With a 16 ohm loudspeaker load, says the author, the 
amplifier is equal in performance to a conventional 30-watt 
amplifier when reproducing program material. With a 32- 
ohm loudspeaker system it is “definitely superior.” The 
power output of this amplifier in watts plotted against 
frequency is shown in Fig. 7 together with similar curves 
for a conventional 30-watt power amplifier. Distortion is 
less than 0.1% from a 1-watt to a 10-watt level. 

There is no doubt there is increased interest being 
shown in the output-transformerless amplifier and a lot 
of the early difficulties have already been overcome. But, 
as in many other cases, getting rid of one trouble spot, the 
transformer, has raised many other problems. END 
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Fig. 7 Power output in watts v frequency for (a) Futter- 
man’s circuit when INI58 germanium rectifiers are used 
(solid line) and (b) conventional 30 watt amplifier (dotted) 
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A digital computer using passive routing requires 
a trigger circuit with fast switching speeds, high 
current handling capacity and low output impe- 
dance. This paper describes the design and 
development work for such a circuit. 


New fast-switching bistable element 
for digital computers 


C. D. FLORIDA, AMIEE* 


At the Defence Research Board Laboratories a digital 

SPECIFICATION computer is being built using passive routing. With this 

type of routing it is desirable that the trigger circuit should 

combine fast switching speeds, high-current handling ca- 

< _ pacity and a low output impedance. A specification for a 

SWITCHING TIME OF pees circuit which will meet our requirements is shown in fig. 1. 

This article outlines the way in which such a circuit can 

OUTPUT FALL TIME WHEN < be developed. The symbols which will be used are shown 

DRIVING 5 SIMILAR STAGES 0.2 psec. in fig. 2. They are the ones which have been adopted for 

use in Canada. The transistor is shown as two junction 

OUTPUT RISE TIME WHEN i diodes, the emitter diode being shaded. Current flow in 
DRIVING 5 SIMILAR STAGES 2 YSeC. alll circuits is downward. 


If two transistors, one an NPN, the other a PNP, are 
30 mA joined together as shown in fig. 3, we have the basis of a 





OUTPUT LOAD CURRENT r fast switching circuit as the regeneration is the highest pos- 
sible for any way of connecting together two transistors. 
OUTPUT IMPEDANCE < 20 Notice that this rudimentary circuit has stability in the on 
state and the ability to handle high currents, limited only 
RESOLVING TIME < 15 psec. by the wattage dissipation of the transistors. 


Stability in the off state can be gained by the addition 


Figure 1 : 
of two current sources and two diodes, one to each base, 


Defence Research Board, Ottawa. 
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Figure 4 


as shown in fig. 4. A reverse bias of two volts is applied 
to each transistor when in the off state, and it is easy to 
ensure that the current sources are large enough to take 
care of any possible value of collector leakage current. 

The circuit now has stability in both the on and the 
off states and can handle high currents when in the on 
state. In the off state, however, it cannot handle any cur- 
rent. This may be corrected by the addition of another 
current source and diode as shown in fig. 5. Here a cur- 
rent i. flows into the diode D,. Any current up to this 
value may be withdrawn from the structure without change 
of potential while the current flowing into the structure is 
limited only by considerations of diode wattage. 

Switching the circuit from off to on may be accom- 
plished by any means which injects current into the regen- 
erative loop. One effective method is shown in fig. 6. 
Diode D, is inserted and a negative-going voltage wave- 
form is applied to the condenser C. 

The development of the trigger circuit has now reached 
the point where we have stable off and on states, high 
current handling capacity in both states, low output im- 
pedance, and a means for switching from off to on. How 
fast does it switch? More importantly, bearing in mind its 
computer application, how fast does it switch when driv- 
ing several other similar circuits? 


Experimental Result eo e 
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Figure 7 Output waveform during turn on. 
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Figure 5 
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Figure 6 
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A rather thorough transient analysis of the circuit has 
been performed. Fig. 7 shows the computed results for the 
turn-on cycle when the circuit is assumed to be driving five 
similar circuits. Transistors having an alpha cut-off fre- 
quency of 8 me and a collector/base capacitance of 
12upf have been assumed. The dashed curve is the result 
of assuming a zero value for base spreading resistance. The 
full curve was computed assuming a value of 100 ohms, 
while the experimental results are shown by the circles. 


The large T in the unit on the X axis is given by -_. 
and is the effective time constant of the transistor, ~7'#°° 

Fairly good agreement between theory and practice is 
revealed in fig. 7, particularly during the early stages when 
the transistor currents are low. It will be seen that the 
turn-on cycle can be broken down into a delay period of 
about 0.lysec. and a fall time of about the same duration. 

In the circuit as developed so far, the fall of the output 
electrode continues until both transistors saturate. This 
will cause the circuit to be difficult to turn off but can be 
avoided by the use of two catching diodes as in fig. 8, 
which ensure a base/collector separation of 3 volts in the 
on state. 

[here now exists a path for virtually unlimited current 
to flow in the NPN transistor. This can be prevented by 
feeding this transistor with a constant current of, say, 5 mA 
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Figure 10 





as in fig. 9. Any loss of fall time resulting from the re- 
striction on current can be compensated by attaching a 
condenser at the junction of D, and D, to provide a mo- 
mentary source of high current. 

When switching on has been completed, nearly 5 mA is 
available, either to D, or to the base of the PNP transistor, 
which acts as an emitter follower. If this transistor has a 
current gain of 20 then up to 100 mA can be extracted 
from the load for a change in potential of only a few 
tenths of a volt—an output impedance of around 10 ohms. 

The circuit now has fast switching speed, high current- 
handling capacity and low impedance in both the on and 
the off states, and the ability to drive at least 5 similar cir- 
cuits. It is clamped in the off state at +-10 volts and at 
ground potential in the on state. It remains to turn it off. 

Turn off can be effected in many ways, but in order to 
equalize turn-on and turn-off sensitivities, and to make 
turn-off sensibly independent of load, the use of an extra 
transistor connected as in fig. 10 is preferred. 

This transistor normally has one volt of reverse bias. 
Application of a negative-going turn-off signal will cause 
base current to flow, thereby inducing an amplified current 
in the collector circuit. This current first turns off D, 
and then feeds the output transistor with sufficient reverse 
base current that its emitter current is reduced to zero. The 
output transistor will thus turn off, and the surplus current 
from the turn-off transistor will charge up the base/col- 
lector capacities so that the potential at the PNP base rises 
until D, switches on. 

When D, switches on further positive excursion is stop- 
ped. This prevents the turn-off transistor from saturating 
and also causes the current previously flowing in the 
base/collector capacities to cease abruptly. Cessation of 
this current causes D, to cease conduction so that the base 
of the NPN transistor is free to fall in potential, so 
switching off that transistor. Switching off is then com- 
plete and the over-all time for all these events to happen is 
something less than 0.2 psec. Again the analysis has been 
performed and good agreement between theory and prac- 
tice has been reached. 

Two things have not been mentioned: the rate of rise 
of the output waveform, and the decay of current in the 
turn-off transistor after the input waveform has ceased. 

The output waveform rise time depends on the value 
of i, and the capacitance associated with the load. When 
driving five similar stages this capacitance amounts to 500 
uu F, so using 10 mA for i, the rise time is % psec. 
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The peak current in the turn-off transistor may easily 
be 30 or 40 mA. Upon cessation of the input waveform 
this current has to decay, aided a little by the reverse 
base current provided by i,. (This must not be too large 
otherwise turn-off sensitivity will suffer). The decay proc- 
ess will take over one psec. and so imposes a limit on the 
resolving time of the circuit which would otherwise be 
around % sec. A method exists of increasing i, by a 
factor of perhaps 10 when the output waveform rises and 
this does in fact permit resolving times of 42 psec. to be 
attained. 

To summarize: The complementary pair trigger circuit, 
when driving five similar stages, has a switch-on time of 
around 0.1 ysec.; an output fall time of about 0.1 
psec.; a switch-off time of less than 0.2 ysec.; an output 
rise time of % wysec.; an excellent current han- 
dling capacity in both the on and the off states; 
a resolving time of about 1% psec. which can be reduced 
to Yapsec. There are no tight tolerance requirements and 
the transient response is calculable. 

Finally, fig. 11 shows a practical form of the circuit, 
where voltages and resistances are used to simulate the 
constant currents. A few hundred of these units have now 
been built and all have performed according to expecta- 
tions. END 
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The Servo Calibrated Auto Densitometer. Record shows run across the fingers 


Servo device automatically analyzes 
density of X-ray films 


The Servo Calibrated Auto Densitometer provides 
quantitative measurements of the calcium content 
of bones from X-ray pictures. This is done by 
including a calibrated ivory wedge in the picture, 
then comparing its image against the bone image 
in a dual beam densitometer. The instrument is 
Servo driven to scan the film, measure the calcium 
content (density of bone image) and provide a 
chart record. 


When an image record has been made by some phys- 
ical process, there arises the problem of evaluating the 
strength of the original process from the record itself. 
This is not difficult if the record is directly proportional 
to the strength of the original process, Consider, however, 
such a process as recording the calcium density of bone 
from an X-ray film. (Calcium is the principal absorber of 
X-rays in the bones of the hand or foot, and its density 
is of particular interest in work on arthritis.) 


*Electrodesign, Montreal 
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P. D. P. SMITH & D. J. ROSENBERG, P.ENG. 


[The intensity and spectrum of the X-rays, the film 
sensitivity, the time of exposure and development and the 
strength of developer solution are all liable to variation. 
Fortunately, these uncontrolled disturbances can be elim- 
inated by the use of the penetrometer technique. In this, 
(see Fig. 1), a standard wedge of ivory is placed over the 
film each time the patient’s hand is X-rayed. The image 
of this wedge is formed with the same X-ray wave-lengths, 
film, exposure and chemical development as the image 
of the patient’s bones. Thus, if the darkness of the wedge 
image at A equals the darkness of the bone image at B, 
the amount of absorbing material over B, (chiefly calcium), 
must have been equivalent in absorbing power to the ivory 
in the wedge at A. We have thus a method of measuring 
the density of absorbing matter in the original living bone 
that is essentially independent of the uncontrolled factors 
mentioned above. 

In addition to these factors, photographic film has a 
very non-linear response to light. Its characteristics are 
given by the H and D, or Hurter and Driffield curve, which 
plots film density versus log,, of exposure. Film density is, 
by definition, 

Incident light intensity 
D = log 
Transmitted intensity 
or what we call in communication, 1/10 the DB loss of the 
light. Exposure is measured in roentgens, a roentgen being 
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the quantity of X-rays that produces one e.s.u. of ionized 
charge of either sign. The H and D curve is S shaped, 
(see fig. 2), the slope of the straight part being called the 
contrast. Unfortunately, the variation of absorption of 
bone is so great that it is necessary to use the curved parts 
of the characteristic. This prevents the simple measure- 
ment of bone densities from transmitted light. 

Stair-case shaped wedge 

The situation is further complicated by the fact that 
photo cells are not completely linear or constant in their 
response to light. To surmount these difficulties, Mack, 
Brown and Trapp! used a function generator. This device 
has a non-linear characteristic that can be set as desired. 
It is set up using the image of a stair-case snaped ivory 
wedge, adjustments being made for each step of the wedge, 
until the output is proportional to the wedge’s thickness at 
the step in question. Thus when the densitometer traverses 
a path on the image of the bone, the recorder will trace a 
record of the bone’s density, although the adjustment pro- 
cedure is a little lengthy, and must be repeated for each 
performance.? 

If the density of a film is to be measured, a dual beam 
densitometer is very satisfactory.*-* Walker uses as a stand- 
ard of optical attenuation an Ilford dyed gelatine wedge. 
Some workers use logarithmic apertures, and Wooster 
uses a wedge that is linear in X-ray exposure with distance. 
Walker’s densitometer measures film density; Wooster’s 
measures the original X-ray intensity. 

By combining the dual beam densitometer principle 
with that of the penetrometer, we have devised an instru- 
ment that calibrates itself, and gives an output proportional 
to the bone density. The arrangement is still that of the 
dual beam densitometer, (see Fig. 3), but the standard 
attenuator is replaced by the image of the ivory wedge cut 
from the film under test. The wedge is now triangular in 
shape, rather than stepped, so that the method is basically 
more accurate. 

In Fig. 3, the light L is passed alternately via two 
channels, the first passing through the wedge image, the 
second through the film under analysis. The two channels 
end on the same photocell, and in the absence of the films, 
they have equal attenuation. The two channels are switched 
by a rotating shutter at the rate of 60 times/sec. After the 
wedge image has been placed on the transparent sector D, 
and the image of the bone under test on the main transpar- 
ent drum E, then the intensity of the light reaching the 
photocell by either channel will depend on the attenuation 
of the film in that channel. If the attenuations are unequal, 
the photocell will produce a 60 pps. square wave. This 
signal will be amplified by an RC coupled amplifier (see 
fig. 5), demodulated, and the slowly varying dc currents 
from the two cathodes of the demodulator or discriminator 
tube drive the opposing coils of a sensitive polarized relay. 
The ac components of the signal are eliminated by a low 
pass LC filter network. 

This relay controls a servo-motor which drives the 
sector holding the wedge image to a position of optical 
balance. The drive between the motor and the sector is 
also coupled to a recording pen. 

Scanning path along bone 

The main transparent drum carrying the image of the 
bone under test is driven at constant speed by a synchron- 
ous motor to permit scanning a path along the bone. The 
recording paper is placed on an extension of the main 
drum and is, of course, always in synchronism with the 
image. A locating mark is made on the wedge image at 
the time of exposure which permits positively locating the 
wedge on the sector so that every angular displacement 
of the sector and the recording pen agrees with a definite 
wedge thickness, Thus, there is no possibility of non- 
linearity in record the X and Y components of the trace. 


ELECTRONICS ENGINEERING OF CANADA AUGUST 1957 











Fig. 1. Penetro- 

meter wedge tech- x-ray x-ray 

nique. Ivory | 

wedge is placed ‘ j x-ray 
on film each time Film 
an X-ray is taken, (@) ; 
correcting the D r 


standard of op- 
tical attenuation 


‘weeteeee 








Fig. 2. The 
Hurter and Drif- 
field curve of film  gijm 






























characteristics, density 
plotting film log 
density versus exposure 
log exposure ae 
light 
source __._mechanical 
rotating shutter | drive 
| periscope 
wedge image—— | | 
analysed 
| 
() photocell 





Fig. 3. The dual beam densitometer as used in the SCAD. 
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To obtain an integral of the density trace, a potentio- 
meter is connected directly to the shaft of the transparent 
sector. The de output of this drives a low inertia integrating 
motor whose dial readings are proportional to the integral 
of density over the bone paths ab of figure 4. It is im- 
portant to record an integral of the density because the 
bone density varies rapidly with position (see fig. 6). Thus 
point measurements are liable to severe fluctuations which 
do not appear on integrated measurement. 

The servo system will be recognized as an on-off servo 
with friction damping and dynamic braking. This simple 
servo system is often compared unfavorably to more elab- 
orate systems employing feedback and variable damping 
and having the virtue of being readily susceptible to mathe- 
matical analysis. 
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Fig. 5. The amplifier, discriminator and low pass filter circuits of the SCAD 


The adequacy with which the on-off servo performs the 
required functions in this case makes such comparisons 
invalid here. A very small gap is used between clockwise 
and counterclockwise actuation of the motor, giving posi- 
tive motor response to. a density difference of .015. This is 
sufficient to trace the finest detail visible to the unaided eye. 
The micro-relay replaces an expensive power amplifier 
that would otherwise be required for the relatively large 
servo motor which simultaneously drives the wedge drum, 
pen and potentiometer. 

The resulting density trace is repeatable to a tolerance 
smaller than the width of line used in recording. 


Arrangement of apparatus 

The final arrangement of the apparatus is shown on 
page 38. The X-ray film under analysis is mounted on the 
main transparent drum. This drum rotates slowly, causing 
the spot of light in beam 2 to traverse the desired path 
across the bone image. As it rotates, the pen, visible in 
the upper left of the photograph, traces the density on a 
strip of record paper which is mounted on an extension of 
the drum. The light spot is focused between the two black 
bands on the drum and the film may be mounted in any 
position on the drum. The drum is large enough to take 
films up to 17” x 14” in size. A showcase lamp is mounted 
inside the drum to assist the operator in aligning the film. 

The whole apparatus is mounted on a cabinet on wheels. 
The optical system and photocell are on the upper deck. 
The power supplies, transformers, amplifiers and discrim- 
inator circuits are mounted on the lower deck. The ampli- 
fier input circuits are kept well away from the transformers 
and motors. 

Amplifier, filter and discriminator circuits (Fig. 5) 

The signal from the photocell is amplified by three 
resistance coupled 12AU7 tubes; 60 cycle hum is con- 
trolled by using dc filament supplies and heavy filtering on 
the plate and screen supplies. 

The discriminator circuit is of the cathode-follower 
type, two plates of a 12AU7 being driven in opposite 
phase by a centre tapped transformer. The amplifier output 
feeds the two grids strapped together, and the output 
from the cathodes is led through a balanced pi-section 
LC filter to the operating coils of the sensitive polarized 
relay. The cathode follower circuit eliminates tube charac- 
teristics from the discriminator’s sensitivity, all necessary 
gain being in the amplifier circuit where it is common to 
both channels. 

The function of the discriminator is to produce a d-c 
signal which reverses when the phase of the amplified sig- 
nal reverses. It will be seen that if the signal to the grid is 
in phase with the right hand plate it is out of phase with 
the left. Thus current is only carried by the right hand side 
of the twin triode. If the signal phase reverses, the left 
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hand side conducts. The sensitive relay then causes the 

motor to reverse its motion. 

The specific advantages of this densitometer are: 

1. The elimination of drift by the use of a single photo- 
cell and lamp. 

. The elimination of the variables of chemical strength 
and X-ray intensity from the measurement of bone 
density. 

3. The provisions of a chart record and an integral for 
the bone path chosen. 


tN 


Results 

Figure 6 is a drawing of five tracings and integrals made 
from three X-rays of the same bone. The integrals of the 
tracings for 40KV, 45KV, and SOKV X-rays are 2625, 
2623 and 2635 respectively. The other integrals made of 
the SOKV image at a later date are 2621 and 2660. 

The SOKV X-ray was considerably darker than the 
40KV one, but the integrals and tracings were virtually 
identical. 

Although this machine was developed primarily for 
use in the study of arthritis, it may prove to be valuable 
in other fields using radiological techniques. It could be 
used in the analysis of metal sheets, and possibly in the 
analysis of soft tissues. END 
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Want more information ? 





Use 


ELECTRONICS 
ENGINEERING 


OF CANADA 


Reader 
Service 
ards 


It is easy to obtain more information about 
advertisers’ products or items listed in our New 


Products Section. 


In the Advertising Index, you will note that there 
is a number placed on the left hand side of the 
company name. For further information put 
this number on the Reader Service card. 


New Products and Literature are keyed with a 
number below each item. Write in the 

number of the product or item about which you wish 
further information, sign your name and address 
and drop the card in the mail. There is no charge 


to you for this service. 


Your enquiries are forwarded immediately to the 
manufacturer concerned and the information is 
sent by them directly to you. 


If the information you want is about an article or 
news item which you have seen in Electronics 
Engineering of Canada just drop a line to the 
Editor. He will be glad to furnish you with 


further information. 


ELECTRONICS 
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OF CANADA 


THE MACLEAN-HUNTER PUBLICATION 


481 University Avenue, Toronto 
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What’s new in view 


Satellite— 


don’t touch 


KEEPING A WEATHER EYE OPEN 


Designed to measure the radiation 
reflection of the earth’s cloud layer 
as the satellite spins in its orbit 

is an optical device (above) 

deve lope d by the Perkin-Elmer 
Corporation. Above, left, an 
electronic circuit packaged in 


Eccofoam is lowered into position 





in the satellite 


Building the satellite with hemispheres drawn and spun from magnesium , 


sheet. After machining no human hands are allowed to touch it 


Full-scale models show details of the satellite. Heliarc welding is by Linde Company, division of Union Carbide 
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Magnified about 1,000,000 diameters this picture shows 


the atomic surface structure of a tungsten single crystal. 


Picture was obtained by the Pennsylvania State 
University with a field emission microscope, the sample 


cooled to —420° F 


Just part of a four-million electron volt Van de Graaff 
accelerator, airfreighted from Boston, U.S. to Paris 
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PICTURE OF THE MONTH 


What is it? A stone being thrown 

at mud? No, it’s the collision of 

a steel ball and an aluminum plate; 
they met at a velocity of about 

four millimeters a microsecond. 

Picture was taken by a University 

of California’s Los Alamos Scientific 
Laboratory camera, one of which is 
shown top left. Fastest of these cameras 
can take 15,000,000 pictures a second 


Department of Mines & Technical Surveys, 
Ottawa, test a tellurometer, used to measure 
distance. Equipment weighs 24 pounds. 
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Canadian business newspapers. 


se This is a business newspaper. One of 
over 110 that places your product or service 

in front of the man you want to sell 
more efficiently and economically than any other 
source. This publication is a member of 
the Business Newspapers Association of Canada, 
137 Wellington St. W., Toronto, Ontario. 
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Boost sales power 


Powerful, economical business newspapers reach 81.3%* of your market—for 
LESS than 3¢ per contact. No other advertising medium sells business, 
industry and professions so thoroughly—so inexpensively. Whether it is as 
straight advertising, new product news, case histories, press release or advance 


information—you’ll BOOST THE SALES POWER of your product through 


*GRUNEAU 


When you want fo sell to business 
advertise in business papers 
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Quotes from everywhere 





TV firm expects new designs 
to boost set sales 


It is no secret that the television 
business in Canada during the past 
year has not lived up to expectations. 
We believe that the principal reason 
television sales have faltered after the 
initial saturation in our main markets 
is that there has been nothing really 
new in TV receivers in recent years. 

Most of you recall the early TV 
models which resembled doghouses in 
size. We were looking over a 1948 
catalogue sheet recently of a set with 
a 55-degree deflection 10-inch tube. 
The cabinet measured 20 inches deep. 
By 1951 we had developed a 21-inch 
70 degree tube and the cabinet had 
grown to a depth of 27 inches. 

Three years later—in 1954—we 
were able to chop almost four inches 
from the depth of a set by using the 
new 90-degree picture tube. This was 
a real step forward. Today we're 
moving ahead with seven league boots. 

We believe that the new 110-degree 
wide angle tube combined with many 
other new features in our line will 
obsolete every existing TV set. The 
new picture tube marks the longest 
step forward taken in recent years by 
permitting a 7-inch reduction in the 
depth of TV cabinets. 

STUART D. BROWNLEE 
Executive vice-president, 
Canadian Admiral Corporation 


Safety of millions depends 
on electronics 

The safety of millions of people 
depends on the reliability of electron- 
ics in industry, transportation and de- 
fense. 

Large investments of money are 
solely dependent on electronics from 
the bottom of the Atlantic to the circl- 
ing satellites above. 

The widespread acceptance and ap- 
plication of electronics to process in- 
strumentation in industry is proof of 
their worth. There is hardly a process 
variable that cannot be measured elec- 
trically and, indeed, there are process 
variables which must be detected by 
electrical means. 

L. D. ENTWISTLE 
Du Pont of Canada Ltd. 


Great future for Canadian 
electronics 

Future expansion in electronics will 
undoubtedly exceed Canada’s present 
rate of expansion. The potential uses 
of process controls, popularly known 


as automation, are very great in Can- 
ada where there is a shortage of skill- 
ed technicians because of this rapid 
growth, It is also true that many major 
industrial plants now under construc- 
tion or being planned, will be able to 
take advantage of process controls 
from their very inception as contrast- 
ed to many U. S. plants that require 
extensive rebuilding and moderniza- 
tion to fully realize the benefits of 
such controls. 

Full use of present and projected 
electronic equipment will permit a 
much faster and a much more effi- 
cient utilization of Canada’s tremen- 
dous resources. 

THOMAS ALLINSON 
Vice-president, marketing 
Daystrom, Inc. 


How to treat a 
taxi-driver 
Our Market Research Department 
recently completed a study of “taxicab 
etiquette.” Here are a few items of 
pretty general interest: If your cab fare 
is 35 cents or less, don’t ask for 
change from half a dollar; for fares 
between 40 and 80 cents a 10 cent tip 
is absolute minimum anywhere, 15 
cents in larger cities; for larger fares, 
15 to 20 per cent is considered “ade- 
quate” by most drivers who, incident- 
ally, expect men to tip more than wo- 
men. 
ROCKWELL MANUFACTURING 
COMPANY 


Efficiency peak has been 
nearly reached 

Canadian manufacturers are reach- 
ing the point where attempts to in- 
crease efficiencies and reduce costs 
will bear smaller and smaller returns 
to the company. Electrical manufac- 
turers in particular have used their 
efficiency and cost reduction programs 
in recent years, as the front line in 
meeting almost unbelievably severe 
competition both from our big neigh- 
bor in the south and from producers 
abroad. 

If costs of materials, wages and 
everything else continue their upward 
movement of recent years I think it 
is a grave question how much longer 
these increases can be countered by 
improvements in efficiency. 

GEORGE L. WILCOX 
President, 
Canadian Westinghouse Co. Ltd. 


ELECTRONICS ENGINEERING OF CANADA AUGUST 1957 





Cable system around 
the globe? 

Usefulness of radio for transoceanic 
communication has reached its peak 
owing to crowding in the high fre- 
quency spectrum. In fact we are on 
the threshold of the development of a 
global wideband cable system. 

But development of wideband long- 
haul telephone cables appears to await 
provision of a suitable, very low volt- 
age tube or a transistor of proven in- 
tegrity. However, a transistorized cable 
is some years away. 

R. G. GRIFFITH 
Canadian Overseas Telecommuni- 
cation Corporation, Montreal. 


Marketing expenses higher 
in consumer field 

Marketing expenses take an average 
of one tenth of the sales income dollar 
in 64 companies recently surveyed. 
This is a median figure. Actual expen- 
ditures reported by the survey re- 
spondents range from one to 35 per 
cent. 

Consumer goods manufacturers tend 
to spend more than manufacturers of 
industrial goods, the study indicates. 

AMA NEWS 


Different kinds of 
propaganda 

Some people lump propaganda to- 
gether with scandal, rumour and gos- 
sip in a wholesale condemnation. Here 
we run into danger of “guilt by asso- 
ciation.” Undoubtedly propaganda is 
like planned rumour in that it is de- 
signed to influence the attitudes of 
people through the use of suggestion. 
But much education is of the same 
sort. 

The evil in some propaganda is its 
failure to disclose the source of infor- 
mation, The most subtle element in 
the propaganda of the European dic- 
tators was their exploitation of the 
dummy so that we did not notice the 
ventriloquist’s tricks. 

ROYAL BANK OF CANADA, letter 
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For your library 








How to put transistor theory 
to work in typical circuits 


Transistor circuit engineering 
Richard F. Shea, editor, John Wiley 
& Sons Inc., New York; 464 pp., $12. 


Tremendous strides have been made 
in the use and application of transis- 
tors. The editor of this book, Richard 
F. Shea, a member of the General 
Electric staff and consulting engineer 
at the Knolls Atomic Power Labora- 
tory, edited an earlier book, “Prin- 
ciples of Transistor Circuits,” in 1953. 
But, as he points out, a new book is 
necessary to detail the vast amount 
of information that has been added in 
just a few years. The difficulty must 
have been to keep the volume to man- 
ageable proportions. 

This new book combines a proper 
mixture of basic transistor theory with 
examples of its application in typical 
circuits. First step in the book is to 
present basic transistor theory and 
then lay down some ground rules. 
After that the book goes into such 
topics as audio amplifier and d-c am- 
plifier design, use of transistors in the 
vhf and uhf bands, oscillators and 
modulation. 

Perhaps one of the most important 
sections is in the use of transistors in 
the computer field, although progress 
here is so rapid that there are signs 
that computers will eventually be 
taken over by magnetic and supercon- 
ductive devices. 

The book covers other aspects of 
transistor work and while there is 
mathematical treatment it is frequent- 
ly limited to the amount necessary for 
clarity. Problems are included and to 
round off an outstanding book in its 
field there is an extensive bibliography. 

(592) 


Electronic Components Handbook 


Edited by Keith H. Henney and 
Craig Walsh; McGraw-Hill Co. of 
Canada Ltd., Toronto; $10.80. 


This book has been sponsored by 
the Electronics Components Labora- 
tory, Wright Air Development Center, 
U.S. Air Force, the gathering of 
material and reduction of it to book 
form having been carried out under a 
U.S. Air Force contract. Ltd. E. R. 
Byrne, USAF, of the Wright Air De- 
velopment Center has acted as project 
engineer during most of the period 
that the book has been in preparation, 


46 


and representatives of U.S. Govern- 
ment, armed services, industry and 
universities have acted as consultants 
and advisors. 

The purpose of the book is to give 
factual information on four of the 
principal electronic component parts 
—Resistors, Capacitors, Relays and 
Switches. Every type of these four 
classes of components for which co- 
ordinated three-service military speci- 
fication exists has been covered. In 
general the pattern for each compon- 
ent part is the same—first a general 
treatment of the facts that apply to all 
of the individual types of the four 
classes; then highly specific informa- 
tion that applies to the several indi- 
vidual types—facts, figures, concepts 
of usage, safety factors, general 
know-how. In each chapter will be 
found summaries of military specifi- 
cations applying to each component 
class and type; and in an appendix are 
numerous tables and charts giving the 
reader the gist of the specifications in 
epitomized form. 

Apart from the extremely useful 
general information which it contains, 
the specific information relating to 
military specification requirements 
should be of great use to Canadian 
groups engaged in producing military 
electronic equipment. This is particu- 
larly true, of course, where the applic- 
able Canadian specification is similar 
in content to the equivalent U.S. 
specification, and even more so in 
those cases where no Canadian specifi- 
cation exists and the Canadian services 
call up the American specification 
directly. (593) 





Differential Equations Applied in 
Science and Engineering 

Harold Wayland, D. Van Nostrand 
Co. (Canada) Ltd., Toronto; 353 pp., 
$8. 


Many lecture courses and textbooks 
on the subject of mathematics devote 
their services to the study of the theory 
and mechanics of the art with little 
time for problems other than to am- 
plify parts of the discussion. This book 
concerns itself with the over-all pro- 
cess of solving problems encountered 
in daily scientific and engineering 
work—starting with recognition of the 
relevant factors, establishing the 
mathematical equations, finding the 
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solution and interpreting it in terms 
of the original physical conditions. 
Vectors are discussed at length since 
they are so useful in translating prob- 
lems into partial differential equations 
for solution. 

The process is continued with good 
coverage of ordinary differential equa- 
tions and their solution by power 
series. The work on special functions 
is centred around Bessel and Legendre 
functions as being sufficiently typical 
to permit the student to advance fur- 
ther on his own initiative. From this, 
the book proceeds to boundary and 
initial value problems in series of orth- 
ogonal functions—tolls which permit 
the reader to solve problems of con- 
siderable physical content. The final 
chapters of the book introduce integral 
transforms and list articles from the 
current literature which contain valu- 
able exercise problems. 

The book has been prepared pri- 
marily as a textbook for advanced 
undergraduates who have a good basic 
knowledge of calculus, analytic geom- 
etry and physics. It will also serve well 
as a “refresher” for graduates and pro- 


_ vides them with a fresh approach to 


the solution of engineering problems. 
(594) 


Engineering Electronics 

John D. Ryder, Ph.D., McGraw-Hill 
Co. of Canada Ltd., Toronto; 666 pp., 
$11.40. 

Because electronics has invaded the 
industrial and business areas instead 
of being restricted to the higher fre- 
quencies and to the transmission of 
information, a broader viewpoint is 
needed in textbooks and this the auth- 
or has set out to do. 

As he says in his preface, the text 
supplies the basic knowledge required 
by those working in the broad non- 
radio portion of the electrical-engi- 
neering field. 

It includes the electronic funda- 
mentals and the operating principles 
important to computers, industrial 
control and servomechanisms, without 
becoming an instruction book in the 
operation or maintenance of any par- 
ticular piece of apparatus. 

The emphasis throughout is on un- 
derlying principles and basic circuits 
applicable to various electronic devices 
and equipment. The treatment is 
quantitative rather than descriptive or 
qualitative. Mathematics and circuit 
analysis are used to give a funda- 
mental understanding of the material. 

The text is designed for a senior- 
level college course or for use by 
practicing engineers in industry. John 
D. Ryder is Dean of Engineering and 
Professor of Electrical Engineering, 
Michigan State University. (595) 


(See ‘Catalogues’ page 56) 
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“Communications” was the subject of a lively discussion between the audience (top left) and panelist R. Robinson, 
K. Richan and K. Rose (upper right) at the RETMA Convention. For his analysis of automation, guest speaker R. C. 
Sprague (lower left) received a warm handshake from R. A. Hackbusch and applause from W. H. Jeffery and J. D. 
Campbell. Centre: a satire in song from delegates wives. Lower right: Chantecler Hotel, convention headquarters. 


RETMA annual meeting in Quebec 





Electronics expansion will continue 


Retiring President J. D. Campbell reported on the 
major events of 1956 and forecast continued expansion 
of Canada’s electronics industry based on a strong national 
economy. 

“During the last year two Royal Commissions studied 
aspects of our industry . The Gordon Commission’s 
(report) . . . besides providing a very detailed analysis of 
all the facets of our business, also provides a more ob- 
jective view of our industry and, in many respects, a more 
forward looking one than many of us have. 

“The Fowler Commission included some disappoint- 
ments. A continuing delay in the start of color and lack 
of stronger support for more private stations has not helped 
our market growth. However, at least now we can look 


Guest speaker R. C. Sprague, chairman and treasurer 
of Sprague Electric Co. reviewed the phenomenal economic 
growth of Canada and the United States during the past 
10 years. Part of this growth has been due to technological 
developments such as mechanization and automation. 
However, automation presents its own problems as outlined 
by Mr. Sprague. 

“Replacing the man with the machine is not, in itself, 
automation but mechanization. Electronic Automation adds 
to mechanization, in varying degrees, programming and 
feedback control . . . If mechanization is being used only 
because of the probability of an attractive reduction in 
labor costs, recent experiences of large electronics manu- 
facturers should be critically reviewed . . . The only way 
sseseee, to assess the true savings which might 





forward to color and some more sta- 
tions with a greater degree of confi- 
dence, and if the Parliament will act 
on their recommendation for financ- 
ing the CBC, we should soon be 
relieved of the burdensome 15% 
excise tax. 

“The outlook for the balance of 
this year is most encouraging. 
The economy remains strong, and the 
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DC-10mc oscilloscope mounts 


in nineteen inch 


The type RM16 is a 3” rack-mounting 
oscilloscope measuring only 7” high, 19” 
wide, 1634” rack depth. Vertical deflec- 
tion is calibrated in 9 steps from 0.1 to 
50 v/div with dc-to-10 mec passband, 
0.035-usec risetime, — with 3 additional 
ac-coupied steps from 0.01 to 0.1 v/div 
with 2 cycles-to-9 mc passband, 0.04 “sec 
risetime. Signal delay is 0.25 usec, input 
capacitance is 38 suf direct, 13 “uf with 
probe furnished. 


There are 22 calibrated sweep rates 
from 0.2 usec/div to 2 sec/div. Full 


sweep range is 0.04 usec/div to 6 sec 
div. Four-way triggering provides for 
amplitude-level selection with either pre- 
set or manual stability control, fully 
automatic triggering, and high-frequency 
sync. 


SSS 


rack 


Two-phase power 
supply 

For testing servos, two phase gyro 
motors and other 400 cps components, 
this two-phase power supply has been 
developed. All outputs are continuously 
variable and two in-phase outputs allow 
separate excitation of pick-offs, tacho- 
meters or motor reference phases when 
the instrument is used for system develop- 
ment. Total power output is 500 VA. 

All input and output lines are fused 
individually and an input switch on the 
back of the instrument makes possible 
the use of either 115 or 200 volt line to 
line supply voltage. Correct input phas- 
ing and the consequent calibration of the 
lead-lag switch is ascertained by the in- 
put phase light on the front panel. 


=—= : SSS SS SSS tet 
RSS LS MG|GVGG Ww 


A 1-ke square-wave voltage calibrator 
has 11 fixed peak-to-peak outputs from 
0.05 to 100 v. The horizontal amplifier 
can be driven by an external signal. Type 
RM16 operates on 105 to 125 v or 210 


to 250 v, 50 to 60 cycles, 260 watts 
Type RMI16-SI1 operates on 50 to 800 
cycles, uses dc fan motor.’ 
Tektronix, Inc., Portland, Oregon. 
(596) 


L-band termination and 
power indicator 

WacLine Inc. have introduced a com- 
bined L-Band termination and calorime- 
tric power measurement system 
nated Model DS-59. It can be obtained 
as a complete system or separately 
follows: (1) Wave Guide Termination 
with Reservoir. (2) Heat Exchanger, 
Hoses and Power Cord. (3) Power Meter 
with Electrical Cord. (4) Metalclad 
Watertight Transit Case or wood Transit 
Case. 

Specifications include: Frequency 
range: 1,150 to 1,750 mc, Power: 1,500W 
—av.; VSWR: 1.5 max.; Wave guide: 
6.5” x 3.25” (internal); Inlet flange: UG 
418/U. 

Radionics Limited, Montreal. 


desig- 


as 


(597) 
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All outputs are by means of multiple 
five-way terminals with an extra am- 
meter terminal and shunt switch in each 
output to permit the insertion of watt 
meters or ammeters. 

Pacific Technical Co., Los Angeles. 


(598) 
216-245 mec telemetry 
receiver 
Type 1401-A crystal controlled tele- 


metry receiver covers a frequency range’ 


from 216 to 245 me with a noise figure 
of less than db. Stability is claimed 
to be 0.002% of the received fre- 
quency. For exact tuning of the trans- 
mitter the second oscillator incorporates 


a vernier capacitor. tunable from the 
front panel to provide calibrated fre- 
quency deviations of 150 ke. 


The receiver contains two second IF 
amplifiers of different band widths (500 
kc and 100 kc) and selection may be 
made from the front panel by means of 
a selector switch. Included in the re- 
ceiver is a peak frequency deviation 
meter with full scale ranges of 25, 75 


and 150 kc. 
Electromechanical Products, Agin- 
court, Ont. (599) 
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Custom built button 


capacitors 
Erie Resistor is prepared to custom 
build high temperature “button” mica 


capacitors for continuance operation in 
the 350 C range. The company states that 
test results over a range of —S0 C to 
+350 C show average change of less 
than 4% in capacitance and power fac- 
tor. These button micas have been de- 
signed for high altitude missile and air- 

craft applications. 
Erie Resistor of Canada Ltd., Toronto. 
(600) 


Thermistor appraisal 
kits 
Four new engineering appraisal kits are 
available to help the electronic engineer 
determine which thermistor is applicable 
to his circuitry problems. Kit A is pack- 
aged with low resistance disk type ther- 
mistors in the 10 to 500 ohm range; kit 
B includes high resistance disk and rod 
thermistors in the 1,000 to 10,000 and 
10,000 to 100,000 ohm range; Kit C con- 
of %4 in. type washer type ther- 
mistors and the necessary hardware for 
experimental purposes. Kit D contains 
1,000 ohm resistance disk thermistors. 
Canadian General Electric Co. Ltd., 
Permanent Magnet Section, Toronto. 


sists 


(601) 
Small transistor 
oscillator 
A battery-operated transistor oscillator 
that contains its own batteries — yet is 


small enough to be held in the hand, is 
being produced by Dawe _ Instruments 
Ltd. Known as the Type 420, the oscil- 
lator gives outputs at 400 and 1,000 
cycles. It incorporates a voltmeter and is 
said to be very simple to use. Also there 
is no “warming up” period. The oscillator 
can be used independently in audio sys- 
tem tests and as a bridge source. It is 
also said to be very useful where an 
ungrounded source is required. Measure- 
ments are 944 inches by 3% inches by 
2% inches. Weight is 2% Ib. 

Dawe Instruments Ltd., Ottawa. (602) 


Traveling wave 
amplifier 
The Huggins Model HA-14 broad band 
traveling wave amplifier is designed to 
operate from 1.0 to 2.0 kmc. The tube 
high gain, low noise broad band 
for use the first stage of a 
receiver in microwave applications. The 
specifications are: noise figure—10 db 
max (1-2 kmc), small signal gain—30 db 
min (1-2 kmc), saturation gain—24 db 
(1-2 kmc), magnetic field—1000 gauss. 


iS a 


device 


as 


Huggins Laboratories Inc., Menlo 
Park, Calif. (603) 
Portable TV with 
21 in. screen 

Sylvania has introduced a_ portable 


21-inch TV set weighing 49 Ib. The large 
screen size portable has become practical 
wit the development of the short, light 
110-deg. picture tube. The screen has 
261 sq. in. of viewable area and the 
cabinet is only 15 3/16 in. from front 
to. back. 
Sylvania Electric Products Inc. 
(Continued on page 51) 


(604) 
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New products news — continued 





Second head monitors tape 


during recording 


The ReVox Tape Recorders B-36-1 
(single track) and B-36-2 (dual track) are 
highlighted by: 3 motors; separate re- 
cording and playback hard-alloy toroid 
heads; separate recording and playback 
amplifiers, permitting simultaneous and 
continuous monitoring; and 8” coaxial 
speaker. 

Wow and flutter are within NARTB 
professional standards for studio ma- 


chines at 7% in/sec; 0.15 to 0.20% rms 
max. measured at either 5,000 or 3,000 
cps and including all sources. Frequency 
response at 7% in/sec (1,000 cps refer- 
ence) is 40-12,000 cps + 1, —2 db, roll- 
off to 15,000 cps under —S5 db. 








Speeds are 3% and 7% in/sec with 
pole-switching hysteresis synchronous 
capstan drive (outside rotor). 8 tubes: 
4-ECC83/12AX7, 1-ECC81/12AT7, 1- 
ECC82/12AU7, 1-EL84, 1-EM71, 3 
selenium rectifiers. Over-all size with 
carrying case is 18%” x 11 1/16” x 
13%”; rack console also available for 
custom installation. 

Electronic Applications, New York. 

(605) 


Amplifier uses 
transistors 

A transistorized intercom amplifier 
weighing only a few ounces is now being 
produced by Transval Engineering Corp. 
The Model 7003 amplifier has been de- 
signed to boost headset volume level in 
intercommunication systems. It can be 
supplied to operate any voltage between 
six and 50 volts dc; can be plugged into 
the standard interphone headset jack; 
has an output of 150 milliwatts and has 
manual volume control. 

Transval Engineering Corp., 
City, Calif. 


Culver 
(606) 


Automatic recording 
titrator 

The Polarad Electronics Corporation 
announces the introduction of an Auto- 
matic Recording Titrator. Housed in a 
console, the instrument is designed to 
make variable pH and constant pH meas- 
urements automatically and to provide, 
simultaneously, a permanent record of 
these measurements. 


ELECTRONICS ENGINEERING 


OF CANADA AUGUST 


Accuracy is .02 pH units for variable 
pH titration curves and constant pH 
levels. Complete titration curves can be 
obtained within two minutes. A magnetic 
stirrer for the sample is incorporated. 

Measurement Engineering Ltd., Arn- 


prior. (607) 
Coaxial detector for 
thermistors 

A new coaxial detector mount for 


‘bolometers and thermistors of the mica 


disc type requires no tuning and covers 
the frequency range from 500 to 10,000 
mc. Model 561 detector mount can be 
used for power measurements with bolo- 
meters and thermistors and as a square 
law detector with bolometers for attenua- 
tion measurements. A locating pin plus a 
“locator” coded nameplate makes it pos- 
sible to change elements rapidly and 
determine which type of element is in 
the detector and its bias current require- 
ments. 


Measurement Engineering Ltd., Arn- 
prior, Ont. (608) 
Refrigerated 
cabinets 


A new line of service-rated frigid-cabs 
designed for 24-hour continuous duty are 
now available from Labline Inc. They 
are made in three, six and nine cubic 
foot sizes and temperatures from minus 
40 deg F. to minus 120 deg. F. Their 
uses include testing of materials, testing 
of equipment, etc. The interiors are made 
of 18-8 stainless steel with all seams 
welded and may be used wet or dry. 
Insulation is vapor sealed and consists of 
a minimum of six inches of Fiberglas 
and cork. 





Frigid-cabs may be obtained with 
thermopane observation window in cov- 
er, circulating fan, explosion proof elec- 
trical controls, terminal boards or any 
modifications required for specific needs. 

Labine Inc., Chicago. (609) 
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Millimeter waveguide 
directional couplers 

Microwave Associates Inc. have an- 
nounced two new waveguide directional 
couplers. Models MA-668A and B side 
wall directional couplers cover the range 
68.0 to 73.0 kmc. Nominal coupling 
values are 20 db and 30 db respectively. 
Directivity is claimed at 25 db minimum 
with maximum VSWR in the main arm 
at 1.1 and in the auxiliary arm 1.15 for 
both models. These measurements are 
performed at mid band and at specified 
band extremes. UG-385/U coupling 
flanges are used on all arms. 





(610) 


E. G. Lomas, Ottawa. 


Variable frequency 
filter 

International Research & Development 
Corp. have introduced their Model 1065 
variable filter to provide facility for 
analyzing vibration in the range of 300 
to 300,000 cycles per minute. The filter 
measures amplitude and phase of vibra- 
tion in mechanical equipment. 

It operates on 110 volts 60 cps and 
has a band width approximately + 5% 
of the nominal frequency to the 3 db 
points. 

Martin Industrial Sales Ltd., Hamilton. 

(611) 


Insulation for wire 
is thin 

A new method of coating magnet, 
lead and hook-up wire with a thin film 
of insulation has been developed. The 
process converts Teflon tape into a thin 
concentric filmed insulation 0.002 in. 
thick with high dielectric strength and 
scrape resistance. The thin insulation is 
claimed to be stable when temperature- 
cycled from —200 F to 500 F, and it 
has withstood pressures of 6,000 volts 
for 6 hours without breakdown. 

Inso Products Ltd., Union, N.J. (612) 


Preset electronic 
counter 

Model PW-S preset counter with warn- 
ing signals can be set to select a total 
count from 1-100,000 and a warning 
count from 1-100,000. A direct readout 
shows the total number of batches. 
Counting speed is 5,000 per second with 
maximum reset time 1.5 milliseconds. 
Input requirement is 5 to 30 volts (any 
wave shape) at least 50 microseconds 
long. Power requirement is 115 volts, 60 
cycles, 100 watts. 

Measurement Engineering Ltd., Arn- 
prior, Ont. (613) 

(Continued on page 52) 
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Power unit for transistor 
development work 


For developmental and experimental 
transistor work this power supply delivers 
0-60 v,de at currents up to 1,000 milli- 
amps. Model DV60-2 employs a ‘con- 
tinuously variable auto transformer, a 
full wave bridge selenium rectifier and 
a 2-section choke input filter. Front 
panel controls include a magnetic circuit 


breaker, two-position volt meter range 
switch, three - position milli - ammeter 


range switch, volt meter, ammeter and 


binding posts. 


4 





Model Rectifier Corp. Brooklyn. (614) 


Hearing aid hides 
in ear 

Engineers of the Hartford Ear & 
Acoustic Research Labs have developed 
a tiny, completely self-contained hearing 
aid which fits entirely in the The 
“Hear Button Aid” contains three trans- 
istors, a magnetic tape microphone, a 
printed circuit and a volume switch. It 
is powered by one aspirin-size battery. 
It is retained securely in the ear by a 
custom molded insert of plastic 

Hartford Ear & Acoustic 
Labs, Hartford, Conn. 


ear. 


Research 
(615) 


Single channel telephone 
carrier equipment 

Single channel carrier equipment for 
telephone use has been designed for loca- 
tions where there is no power at the 
remote carrier end and for use during 
power failure emergencies. Model PTC- 
1004 may be powered by a dry battery 
power-pack or by a converter operating 
from a 12 volt storage battery. The con- 
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verter is transistor operated and power 
consumption during transmission is low. 
On a batter pack, the batteries will last 
their approximate shelf life and for 12 
volt storage battery, approximately '% 
amp is used during conversation only. 
Model PTC-1005 operates directly from 
110 volts, 60 cps. The equipment is de- 
signed to operate between magneto and 
or Common Battery exchanges. 


Pye Canada Ltd., Toronto. (616) 


Meter measures and records . 
one millivolt 

A new CH general purpose recorder 
will measure and record dec signals as 
low as one millivolt full scale. Four 
ranges, 1, 2, 5 or 10 millivolts are ob- 
tainable by replacing a plug-in resistor 
on the amplifier chassis. The recorder 
employs a chopper type amplifier which 
operates a standard 5-milliampere dc 
measuring mechanism with less than one 
microamp drain on the measured circuit. 
Response time for full scale deflection 
% of a second. 
The record features throw-away type 
plastic ink well, 150 ft. record roll and 
weatherproof case. Synchronous-motor 
chart drives (up to 28 chart speeds) or 
60-day spring clock drives are available. 

Canadian General Electric Co. Ltd., 
Toronto. (617) 


IS 


RF fixed pad 
attenuators 

A series of fixed pad attenuators has 
been designed to partially absorb RF 
power in the 8.2 to 75kme spectrum. The 
pads are useful between klystrons and 
other elements of a waveguide test bench 
to counteract frequency pulling effects or 
to reduce by a known amount the RF 
power flowing in a system. Ratings in- 
clude a maximum power dissipation of 

watts, nominal attenuation values of 
10, 20 and 30 db. The pads are fabri- 
cated from short sections of waveguide 


having standard cover flanges at each 
end 
E. G. Lomas, Ottawa. (618) 


D-C polar relay uses 
transistors 

The type MYZA polar relay contains 
a built-in transistor preamplifier to reduce 
the input power required. Three types 
of contact operation are available: (1) 
form K or null-seeking calibration; (2) 
form M or memory type calibration; (3) 
form C, snap-acting calibration. These 
relays may be used in positioning, vari- 
able leg Wheatstone bridge and speed 
regulation circuits. 

Barber-Colman Co., Rockford, III. 
(619) 
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Micro-microammeter with 
fast response 

For such diversified applications as in 
reactor control, aerial monitoring or ma- 
terials testing applications, where rapidly 
changing currents may be encountered, 
the Keithley Model 412 log micro-micro- 
ammeter. has been developed. It features 
a single 6 in. meter scale covering six 
decades from 10—!3 to 10—7 ampere. 





The specifications are: response time 
less than 2 sec. to 90% of currents larg- 
er than 10—1!2 ampere with 5,000 MMF 
across the input; zero drift within 0.5 
decade in eight hours; accuracy within 
0.2 decade. A 216-volt tap for polariz- 
ing ion chambers is provided and a six- 
volt output (proportional to input) can 
drive either 50 millivolt or 5 milliamp 
recorders. 

Measurement Engineering Ltd., Arn- 
prior. (620) 


Solderiess fittings for 
sheathed cable ; 

A series of solderless, compression type 
fittings and adapters for use on Foamflex 
solid sheathed cable are now being pro- 
duced by Entron, Inc. Models PDF-38S 
and PDF-12S are straight couplings for 
¥3” and %” 70 ohm cable. Models PDF- 
38AU and PDF-12AU are adapters hav- 
ing UHF female connectors. Couplings 
have a low VSWR, corrosion resistant 
finish and provide a flared seal for the 
cable end. All units of the same series 
have interchangeable bodies so that ex- 
tension cables -or connectors can be 
readily changed. 





An accessory is a combination gaged 


sheath cutter, ferrule wrench, counter- 
boring and flaring tool designed to speed 
the installation of these connectors. 
Model TCR-38 is used with the above 
couplings for %” cable and Model TCR- 
12 is made for the %” cable series. 

Entron Inc., Bladensburg, Maryland. 
(621) 

(Continued on page 53) 
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New products news — continued 





PBX switchboard with miniature 
lever keys fits desk top 


A compact P.B.X. switchboard has 
dispensed with the conventional cords by 
using miniature lever keys. Designed pri- 
marily for use in modern offices, the two- 
tone switchboard is available in a variety 
of colors. Weight varies from 23 to 28 
lb. and measurements are 13 in. wide by 
8% high by 13 in. long. Conversion from 
automatic dial to common battery is 
possible. 





(622) 


Pye Canada Ltd., Toronto. 


Waveguide window 
seals 

D-B waveguide window seals are avail- 
able in seven sizes for the frequency 
range 8.2 to 90 kmc. The manufacturer 
claims they will not fracture in desert 
or arctic climates, will hold hard vacuum 
and withstand shock and vibration. Speci- 
fications include temperature range from 
—55 C to 100 C, and pressure differen- 
tial at 30 psi and VSWR averages 1.19 
over the entire range. 

DeMornay-Bonardi, Pasadena, Calif. 

(623) 


Miniature balancing 
potentiometer 

Trimpot Jr. balancing potentiometers 
measure less than 3/16 in. by 5/16 in. 
by 1 in. in size. The adjustment shaft 
is self-locking and idles at the mechani- 
cal limits to prevent possible damage by 
forcing adjustments. 

These are wire wound potentiometers 
with a power rating of two watts and 
available from 100 ohms to 20,000 ohms. 
Products, Agin- 

(624) 


Electromechanical 
court, Ont. 


Five inch precision 
potentiometer 

Two precision potentiometers have 
been introduced by DeJur-Amsco Corp. 
The series HP-200 (2 in.) can be supplied 
singly or as multiple ganged units. Me- 
chanical rotation is 360 deg. and power 





dissipation is 3 watts with up to 16 taps 
available depending on spacing. Series 
HP-500 (5 in.) can also be supplied singly 
or as multiple ganged units. Up to 32 
taps can be provided and the power 
dissipation is 12 watts with mechanical 
rotation of 360 deg. Both series are 
available in resistance values ranging 
from 1,000 ohms to 100,000 ohms. 





> Salaectheniaiinieei-caitsmemediiie 





DeJur-Amsco Corp., New York. 
625 
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CW, FM and AM Signals “All the Way Up” (10-470 mc/s) 





with a 
MARCONI 
TF 1066 
FM/AM 
SIGNAL 
GENERATOR 





Sturdy light-grey cellulose finish 
Dark-grey moulded plastic control knobs 
Dimensions: 14," x 23," x 1014" 


e Outstandingly high frequency stability — Jess than 0.005% 
drift, after reaching thermal equilibrium 


e Continuous coverage from 10 - 470 mc/s in FM and AM 


e Incremental tuning directly calibrated in Kc/s regardless of 
carrier frequency permitting small and precise changes in 


carrier frequency 


e Frequency modulation accurately indicated on easy-to-read 
0 - 20 Kc/s and 0 - 100 Kc/s meter scales 


e Amplitude modulation up to 80% — indicated in the same 


manner 


e Accessories available include 6 db pad, 20 db pad, 50 ohm 
unbalanced to 300 ohm balanced matching unit, and 


d-c isolating unit 


Also available is the “premium” TF1066/1 similar to the above, 
but having 0.0025°% drift and a switched incremental frequency 


control. 


The above are only a few of the advanced electronic engineering 
features incorporated in these new Marconi Signal Generators. For 
complete specifications, write or wire today. 


Marconi 





CANADIAN marcont | COMPANY — MONTREAL 16, QUEBEC 





Canada's Largest Electronic Specialists 
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Plan to attend the 2nd annual: 


CONVENTION 
AND EXPOSITION 


Automotive Building, Exhibition 
Park, Toronto, Canada, 


October 16, 17, 18, 1957 


ELECTRONICS & NUCLEONICS 


This year’s I. R. E. 
Canadian Convention will 
be attended by thousands of 
engineers, technicians 

and buyers; 


A three day programme of 
technical papers plus 
hundreds of exhibits 
combine to make this 
Canada’s largest scientific 
event, 


Programme sent on request. 


IRE CANADIAN CONVENTION 


Sponsored by the Canadian Sections 


of the Institute of Radio Engineers 


Office : 745 Mount Pleasant Road, Toronto 7, Canada 


Telephone: HUdson 8-7768 


CANADA'S LARGEST 
SCIENTIFIC CONVENTION 


AND EXPOSITION 
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Scaler measures elapsed time 
between two events 


The.CMC Model 251-A Time Interval 
Meter is designed for measurement of 
elapsed time between two events occur- 
ring in the range of 3 microseconds to 1 
second. Optional features permit exten- 
sion to 10 or 100,000 seconds. The 
accuracy is + 1 microsecond. The mea- 
surement interval may be started and 
stopped by independent or common 
voltages representing optical, mechanical 
or electrical events. Typical applications 
are: ballistics measurements, relay tim- 
ing, photographic timing, testing of me- 
chanical and electro-mechanical timing 
devices, etc. 


3 TILT 


o@ 





OPTIONAL 


Two independent, continuously adjust- 
able trigger level controls permit full 
rated sensitivity — 0.2 volt rms — at 
any voltage level between —300 and 300 
volts. Provision is made for oscilloscope 
marker signals for trigger level adjust- 
ment of start and stop points for time 
interval measurement of complex wave- 
forms. 

Computer Measurements Corp., North 
Hollywood, Calif. (626) 


Coaxial diode 
simulators 

Coaxial diode simulators are available 
for test work. They simulate low VSWR 
versions of microwave coaxial crystal 
diodes often used as converters or detec- 
tors in the frequency spectrum 12.4 to 
40.0 kmc. Their use simplifies the deter- 
mination of the optimum RF impedance 
design-centre of a crystal diode mount. 
They may also be used to tune the stan- 
dard mounts in production testing of 


IN26, 1N78 or 1N53 crystal diodes. They 
are not subject to RF burnout and ex- 
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hibit a low VSWR with respect to their 
characteristic coaxial impedance of 61 
ohms over a wide frequency range. Three 
models are available. 

E. G. Lomas, Ottawa. (627) 
Epoxy coatings protect 
printed circuits 

Hysol (Canada) Limited, has just 
announced full commercial production 
and use of their HYSOL Modified 
Epoxy Coatings for Printed Circuits. 
HYSOL 6231 and HYSOL 6232 Series 
of Compounds, developed for military 
use, are designed to protect printed cir- 


cuits against high humidity and low 
temperature shock conditions. The 


strong bond produced between the com- 
ponents and the base laminate protects 
the circuits against mechanical shock 
and vibration. HYSOL 6231 can be ap- 
plied by brush or spray and HYSOIL 
6232 by dipping and brushing. No spe- 
cial cleaning is required prior to coating 
to either system. Both are two compo- 
nent systems. These coatings exceed the 
specifications of Military Standard MIL- 
STD-202A test methods for electronic 
and electrical component parts. 
Hysol (Canada) Ltd., Toronto (628) 
Position and coding 
discs 





available for 


New patterns are now 
angular shaft position and coding with 


disks for nonlinear and decimal codes. 
Paterns for trigonometric functions, 
logarithmic functions and other nonlinear 
codes can be produced, providing the 
original data can be placed on IBM 
punched cards. Decimal code disks are 
being manufactured having any number 
of divisions up to and including 100,000. 
These are designed for mounting in the 
centred six in. and 9 in. Baldwin encoder 
housings. 
The Baldwin Piano Co., Cincinnati, O. 
(629) 
(Continued on page 55) 
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New product news ee 


 .* — -Your Tektronix 














eo * 
Enclosares for (5 Orr < 
as an 
* e e» 
pole-mounting ° ° 
‘ ° 
| © e 
| © Clearing up operational ®¢ 
Enclosures for . ih ek +. 
pole-mounting | @ difficulties is another of \ 
Originally designed to house carrier e his many helpful ‘ 3 
communications equipment, these water- . functions ad ‘ 
proof pole-mount cabinets are suited for ra ‘ ° 4 f 
any 19 in. panel-mounted electrical equip- * e e © 
ment. Cabinet construction is drip-proof ®@e e° i 
. = e®eee 
and insect-proof fabricated from 16 “ 
gauge steel. Fine copper screening over - 


louvres provide for adequate natural TOO MANY KNOBS? 

Not at all! Rather, an extremely versatile instrument. Tektronix high- 
performance oscilloscopes are capable of so many applications that their 
full potential is not always realized by the operator. Although he will use 
only a few in any one application, many knobs are required to give the 
operator full control of the many oscilloscope functions. Perhaps all 
these controls will seem unnecessary and confusing at first, but you'll be 
glad they're there when you find out how useful your Tektronix Oscillo- 
scope can be. So if you are slightly confused by the controls of your new 
oscilloscope, call in your Tektronix Field Engineer. By demonstrating 
their use in various applications, he'll help you become more proficient, 
and you'll be well on your way to enjoying all the usefulness built into 
your instrument. 





GROUP INSTRUCTION 


When a Tektronix Oscilloscope is to be 
used by several engineers, or several new 
oscilloscopes are received at about the 
same time, your Tektronix Field Engineer 
will be happy to conduct an informal class 
on operation. Try to time his class for as 
soon after delivery as possible, and include 
in the group all those who are to use the 
instrument. This will insure your getting 


ventilation and blank louvre panels are maximum usefulness from the oscilloscope 


furnished to equip the enclosures for rain, } ... right from the start. 
snow or ‘dust conditions by closing the . 
screened openings. Power input is from w K 
the bottom of the cabinet and line con- € 
nections are made through a weather- POST-GRADUATE REVIEW «,'% 
head fitting. An external ground connec- : ‘ a = —— } \ 7 
tion is also provided. The enclosure is Even if you know your Tektronix Oscilloscope quite . vee 

' P pHrent ; well, a few moments spent going over the controls 4 
designated Type 461 and is available in and their functions with your Field Engineer can 5 <a 
two sizes — 29 rack units or 16 rack pay off. He wants to be certain that you are getting , 
units. the fullest usefulness with the least effort. Next time 

Warren Mfg. Co. Inc., Littleton, Mass. he visits you, make sure you are operating your in- 

(630) strument the easy way in all your applications. 





Encapsulated pulse 

transformers The Canadian Industrial Belt is served through the 
Encapsulated and hermetically sealed TORONTO FIELD ENGINEERING OFFICE 

pulse transformers are now being manu- TEKTRONIX, INC. 

factured to meet military and civilian 3 Finch Ave. East * Willowdale, Ontario 

requirements by Telex. These units Phone: Toronto: Baldwin 5-1138 

meet military specs such as MIL-T-27 

and operate at ambient temperatures up 


The Canadian Plains Area is served through the 
MINNEAPOLIS FIELD ENGINEERING OFFICE 


to 85 degrees Centigrade. Designs for ™ TEKTRONIX, INC. 

high acceleration application are avail- | 3100 West Lake St. * Minneapolis 16, Minnesota 
able for specific customer requirements. | 2 Phone: Walnut 7-9559 

Also available are subminiature pulse | ‘ British Columbia and Alberta are served through 


a highly-qualified Engineering Representative 
HAWTHORNE ELECTRONICS 

700 S. E. Hawthorne Bivd. * Portland 14, Oregon 
Phone: Belmont 4-9375 


transformers for printed wiring board, 
transistorized circuit and miniaturized 
circuit applications. All units meet stand- 
ard voltage, life, pull, temperature, im- 
mersion and moisture resistance tests. 

Telex, Minnesota. (631) 


TEKTRONIX, INC., P. O. BOX 831, PORTLAND 7, ORE. 
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Catalogues and 


brochures 


Magslips, Applications and Methods 
of Use. Pub. E-1000, 58 pp. Muir- 
head Instruments Ltd., Stratford, On- 
tario. (632) 

Panel Instruments. Catalogue of 
ammeters, voltmeters, wattmeters, 
conductance meters, frequency meters, 
etc. MEL Sales, Arnprior, Ont. (633) 

Standard Time and _ Frequency 
broadcast. Bulletin 557 describes how 
to utilize the standard transmissions 
from WWV and WWVH. Specific 
Products, Calif. (634) 


Antennas, Antenna Systems and 
Transmission Lines. Cat. Suppl. 21-S. 
30 pp. Andrew Antenna Corp., 
Whitby, Ont. (635) 


Microwave and UHF Test Equip- 
ment. Catalogue of attenuators, bolo- 
meters, frequency meters, dummy 
loads, etc. 47 pp. MEL Sales, Arn- 
prior, Ont. (636) 

Magnetic Hum and 
Shielding. Describes how to 
audio components in Co-Netic flexible 
foil to prevent magnetic hum. Mag- 
netic Shield Div., Perfection Mica Co., 
Chicago. (637) 


Electrostatic 
wrap 


RETMA: 


Campbell—continued 


industry is in 
capitalize on it. . . . Prices, I believe, 
will be firmer... . A volume of close 
to 500,000 TV sets will be attained 
and while this is less than the last two 
years, it is still a very healthy volume 
to participate in. Also, it is demon- 
strating that the three forms of elec- 
tronic entertainment—TV, radio and 
hi-fi are compatible. 

‘The commercial, 
defense side of our industry also con- 
tinues to grow and to provide more 
efficiency and help in industry and 
greater security in defense. 

“To the incoming president, board 
of directors and chairmen I suggest 
that they have a most challenging 
year ahead of them. With a continuing 
strong economy, a healthy industry, 
and a new government, with undoubt- 
policies, there is a 


industrial and 


edly some new 
tremendous area in which to work.” 


157 exhibitors for Canadian IRE 


Final list of exhibitors for the IRE 
Canadian Convention at the Exhibi- 
tion Park, Toronto, Ontario, from 
Oct. 16-18, totals 157. Additions to 
the names of exhibitors published in 
the July issue of Electronics Engineer- 
ing of Canada are: 


Alpha-Aracon Radio Co., Ltd., To- 
ronto, Ont. 

Amalgamated Electric Corp., Ltd., 
Toronto, Ont. 

American Electrical 
Detroit, Mich. 

British Physical Laboratories, Rad- 
lett, Herts, England. 


Heater Co., 


ITEM Gr: FRE 


D & B Sound & Signal Inc., Mont- 
real, Que. 

Electrodata, Division of Burroughs 
Adding Machine of Canada Ltd., Ot- 
tawa, Ont. : 

Electronic Instruments 
Ltd., Toronto, Ont. 

General Adding Machine Co., To- 
ronto, Ont. 

Oki & Willasden Ltd., Toronto, Ont. 

Radio Speakers Canada Ltd., To- 
ronto, Ont. 

George Kelk Ltd., Willowdale, Ont., 
will not be exhibiting and the address 
of Tektronix Inc., should be Portland, 
Ore. 


(Canada) 


MONTH 





SYLVANIA ELECTRONIC TUBES | | 


@ Microwave Crystal Diodes 

P Transistors 

. TR and ATR Tubes 
j Gas Pressure Measuring Tubes 
Travelling Wave Tubes and Solenoids 
Magnetrons 
Klystrons 
Rocket Tubes | } 
Decade Counter Tubes 
Trigger Tubes i 
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TRANSISTOR 





Waveguide Windows t 
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a good position to: 


Electronics expansion 


Sprague—continued 


for conventional assembly methods 
... and .. . manufacturers using 
highly mechanized assembly equip- 
ment have reported that the freezing 
of their designs has sometimes meant 
that they cannot use produced parts, 
which would have cost them less 
money Also, short production 
runs are not justified on a giant ma- 
chine and there is a tendency to pool 
weeks of production This has 
meant, in some cases, more in-process 
inventory and, in other cases, has 
meant inventory shortages because the 
machine gobbled up parts for one 
assembly before material control 
groups could adjust the flow of in- 
coming materials and component parts. 
Even with these disadvantages ... a 
significant improvement in uniformity 
of product might, in itself, justify the 
cost of effort involved. 

“Great interest has been paid to 
single insertion machines through 
which complex electronic equipment 
can be re-cycled to give the short-run 
feature desired. . . . Since this equip- 
ment is not a practical reality today, 
other manufacturers believe that they 
can achieve the results of the short 
run machine by using complex sub- 
assemblies, pre-tested to perform a 
specific circuit function. 


“Because of the lack of perfection 
of mechanization equipment, many 
manufacturers, especially for short 
runs, still rely on insertion of com- 
ponents by a very complex machine 
on which there is no depreciation, 
which can be readily obtained and can 
be set up to do the job quickly 
the skilled female worker.” 


In stock — ready for 


immediate shipment 


Available at 


_ HACKBUSCH ELECTRONICS LTD. 


Call or Write:— 


23 Primrose Avenue 


TORONTO, ONTARIO 


LENNOX 1-2453 
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THERE MUST BE A REASON! 


More people are specifying 

\ SNWELGROVE 

‘| \ when they want trouble free, precision 
| .\ performance in QUARTZ CRYSTALS 
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C. R. Snelgrove Co. Limited 


A Canadian owned firm with a long and enviable reputation of quality and service. 


Licensed under Bell system patents 


141 Bond Ave., Don Mills (TORONTO) , Ont. 
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AIEE meeting in Montreal: left, 
Dixon Lewis, chairman sections 
committee, presents Robert 
Lewis, new president of the 
Montreal section with a diploma 
awarded to the most progressive 
section. Right: M. S. Cover, 
past president, F. L. Lawton, 
convention chairman, W. J. 
Barrett, new president. 
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RECORD CROWDS 
ARE EXPECTED FOR 
CANADIAN I.R.E. 


With increased space fully booked, 
organizers of the 1957 IRE Canadian 
Convention are expecting record 
crowds during its three days in To- 
ronto, Ontario, from October 16 to 18. 

“The Convention Committee has 
organized a most interesting and com- 
prehensive program of technical pa- 
pers and exhibits, which make it by 
far the largest scientific event in the 
country. We are confident that this 
year’s attendance will surpass the 1956 
total of 10,038” says General Chair- 
man Claire Norris. 

Dr. George Sinclair, chairman of 
the Technical Program Committee, 
says that there will be 25 sessions in 
all, with 116 papers. Majority of the 
papers are by Canadian engineers. 

The feature session will be devoted 
to a description of Canada’s part in 
the International Geophysical Year. 


Round-up 


Scatter systems may interfere 
with other frequency channels 


While scatter systems have advantages they also have disadvantages, among 


them possible interference with other channels, C. M. 


Brant, of Canada’s 


Department of Transport Radio Regulations Division, told the American Insti- 
tute of Electrical Engineers, meeting in Montreal. Problems of scatter methods, 
he said, will be gone into very seriously at the forthcoming conference of the 


International 

“The basic philosophies of spec- 
trum management,” said Mr. Brant, 
“are to restrict the type of service for 
which the use of radio is permitted 
and so restrict the demand to fit the 
spectrum, and to permit the use of 
radio for any communication require- 
ment which cannot be reasonably 
economically satisfied by other means.” 

The meeting, attended by about 
2,500 Canadian and U. S. engineers, 
had a program of approximately 300 
technical papers, including ones on 
recent Canadian advances in hydro- 
electric power, television, radio, tele- 
graph and telephone communications, 
power transmission and distribution. 

Canadians purchased more than 
1,300,000 receiving sets in the past 
two years, N. R. Olding of the CBC, 
Montreal, told the meeting in his 
paper, “The Canadian Broadcasting 
Corporation’s radio service in Can- 
ada.” In spite of the public interest in 
television, he Canadians own 
and operate more radio receivers in 
1957 than ever before. 


said, 


The new look electronic controls 


Ihe applications of electronics are 
growing all the time—and so is the 
complexity of the controls required. 
Engineers are giving considerable 
thought to the problems introduced 
when the operator is faced with rows 
of control knobs. 

In the September issue of Electron- 
ics Engineering of Canada, Raiph J. 
Meyer, of the Collins Radio Co., deals 
with the problem in a paper “The new 


58 


look electronic controls.” 

Among other feature articles will be 
one on the Omegatron, a radio-fre- 
quency mass-spectrometer and a de- 
sign article on the use of emitter-base 
transistors, The series on audio work 
continues with a paper on the mag- 
netic delay system being installed in 
the new public address system at the 
Queen Elizabeth Theatre, Canadian 
National Exhibition, Toronto. 


ELECTRONICS 


Telecommunications Union in 


ENGINEERING OF 


1959, 


COMING EVENTS 


August 

20-23 Western Electronics Show & 
Convention, San Francisco. 

September 

3-14 International Union of Geodesy 
& Geophysics, eleventh general 
assembly. University of To- 
ronto. 
Magnetic Amplifiers 
ence, Pittsburgh. 
Radio, TV & Electronics exhi- 
bition, Paris. 
Industrial Electronics 
ence; Chicago. 

October 

7-9 National Electronics 

ence, Chicago. 

CEMA annual convention, Ni- 

agara Falls, Ont. 

IRE Canadian convention and 

exposition, Toronto. 

International conference on 

ultra high frequency circuits 

and antennae, Paris. 

East aeronautical and 

navigational conference, Balti- 

more. 

November 

6-8 Third annual 
aeronautical 
Utica, N.Y. 

13-14 Mid-American electronics con- 
ference, Kansas City. 

December 

3-4 Professional group on vehicular 
communications, annual meet- 
ing, Washington, D.C. 


Confer- 


Confer- 


Confer- 
9-1] 
16-18 


21-26 


28-30 coast 


symposium on 
communications, 
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